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ABSTRACT 
TiiE RATIONAL I SAT I ON OF DR I NI< I NG WATER SUPPLIES FOR PIG 1-DJS I NG 
.D-IN BARBER 
This study consisted of a series of experiments which investigated 
the water use of growing/finishing pigs (25-90 kg), newly weaned pigs (5-
12 kg) and gestating sows. Drinker type was found to affect water use in 
growing pigs. For exS!ll>le significantly !TOre water (28 %) was used fran 
Mono-flo nipple drinkers than Arato bite drinkers (P<0.01). For all 
c l,asses of pigs studied water u~e was significant 1 y increased by 
increasing the water delivery rate'. The percent increase in water use 
over the extremes of water delivery rate tested in individ~al trials were 
respectively: ration fed growing pigs, 105 % {J.P0-900 an /min P<0.001); 
ad libitum fed growin~ pigs, 52% (200-1100 arf/min P<0.01); gestating 
sors, 25% (500-2500 an'/min P<0:01); and newly weaned pigs 109% (175-700 
an /min P<0.001). 
In newlf weaned piglets, increasing the water delivery rate fran 
175 to 700,an/min resulted in a significant increase in feed intake (44 
g/piglet/day, P<0.001) and growth rate (37 g/piglet/day, P<0.01). 
For growing pigs (27-55 kg), a relationship was established between 
water intake, feed intake and 1 iveweight, fran which it could be 
hypothesised that the pig had a limit to daily volumetric intake. This 
was found to be 12.0 ±1.2 %of liveweight. When feed intake was 
restricted, water ,intake increased to maintain the 12% volumetric limit. 
This hypothesis was validated fran other published work extending the 
weight range to 105 kg. Evidence was produced indicating that newly 
weaned pigs also have a constant volumetric daily limit. lt is suggested 
that in cases where feed intake needs to be restricted, water intake 
could be manipulated in order to 1 imit feed intake. This would pennit the 
wider use of ad lib feeding systems and the welfare benefits these allow. 
The water use of a grower/finisher unit was modelled according to 
a 12 % volumetric limit and the factors affecting water intake and 
wastage. The water intake of grower/finisher pigs was predicted using 
this model. This enabled the percentage of water wasted by different 
drinker types and delivery rates to be estimated. 
For wet fed pigs, increasing the water to feed ratio fran 1.63:1 
to 3. 25: 1 significant 1 y increased feed digestibility (P<O. 05). As many 
experiments conducted to evaluate the digestible energy of feeds may have 
used low feed to water ratios-(generally around 2:1) it is suggested that 
many of these studies have attributed incorrect nutritional values to raw 
materials used in diets for pigs. 
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a-tAPTER 1. lHE USE OF WATER ON PIG UNITS 
1.11 Ecanani.c backgrouod 
In recent years, the decreasing profi tabi 1 i ty of the agricultural 
industry in the United Kingdan, has lead producers to consider 
carefully the levels of resource input as well as the levels of 
product output. It seems that reducing production expenditure llBY be a 
viable alternative in llBintaining a satisfactory farm incane. In the 
pig sector of the industry the relatively expensive items such as feed 
and directly applied energy (electricity, gas and oil) have already 
been given attention, as profitability is largely dependent on these 
costs. 
However one resource which has been largely neglected by pig producers 
is water. Both its supply and the disposal of the results of excessive 
quantities used have been given little consideration. This has 
occurred llBinly because water has been accepted as a relatively cheap 
l!Bterial, representing only a small percentage of the overheads on 
most agricultural holdings. 
Recently producers have also cane \.Dlder pressure fran a m.unber of 
external influences resulting fran increasing public awareness of the 
part which water plays in farming, thus encouraging them to be less 
profligate in its use. In 1988 farm pollution of rivers rose to a 
record of 4,141 reported cases in England and Wales (Water Authorities 
Association,1989). 
1 
Excessive use of water in intensive livestock units results in 
increased costs of storing and therefore disposal of the extra slurry 
produced. The additional increase in water demand on a national scale 
which this i.nplies, coupled with the enorm:>us environmental problems 
caused by its polluting effects, and the capital cost of increased 
reservoir capacity is leading the water industry to husband its 
resources. As a consequence, the newly privatised water companies are 
already increasing water prices substantial! y. It is thus in the 
interests of all producers to exarrdne and contain potential sources of 
misapplied expenditure such as inefficient water systems providing 
drinking water. 
1.12 Water utilisation 
The total water which is used on pig units can be divided into two 
najor categories: drinking water and that used for other purposes 
such as washing buildings. This study is concerned principally wit:h 
the drinking water supplied to housed pigs. 
Water supplied as drinking water satisfies three distinctly different 
needs (Figure 1.1). 
(1) Physiological requirarent; This is the water needed to naintain 
osrroregularity. 
(2) Behavioural requirarent; This the water which is required in order 
to allow the aninal to display, as far as possible nornal behavioural 
patterns. 
(3) Water wasted fran drinkers; This results fran inadequate 
2 
selection, fitting, rraintenance and operation of drinkers. 
In this work the term 'water use' shall be defined as the sum of the 
three needs described above. In the past rrany workers have used the 
term water intake when discussing the results fran experiments which 
actually measured water use. The term water intake will be used to 
describe that water which is imbibed and passes down the oesophagus. 
It mainly consists of the physiological element but nay also· include 
an element of behavioural requirement where water is only imbibed for 
the purpose of satiety. 
1.13 Water supply systerrs and demmd factors 
Modern pig units have been erected in rural areas and unbelmown to the 
Water Supply Authority have been connected to existing water 'mains' 
networks without prior regard to the character of the existing supply 
system or the units' likely derrands and their consequent effects. 
Rural water mains networks can be of various ages and consequently in 
different stages of fracture and dirt ingress. Decayed pipes are more 
likely to suffer leakage. Soiling and furring up of pipes leads to an 
increased frictional resistance to the flow of water. Both these 
factors result in a reduced supply capacity fran the original design 
level of the network due to lower available flows. This problem can be 
partially overcane by increasing the pressure at the source of supply, 
but this results in greater leakage and the possibility of further 
fracture. Therefore when intensive pig units have been linked to 
already overstretched supply mains they have aggravated an already 
worsening situation. The general problem has been exacerbated because 
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Figure 1.1 The use of water en pig tmi ts 
1 WATER FOR CLEANING BUILDINGS 
(PRESSURE WASHING) 
2 WATER WASTED THROUGH DECAYED 
PIPES AND FITTINGS 
3 WATER SUPPLIED FOR DRINKING 
PHYSIOLOGICAL 
REQUIREMENT 
BEHAVIOURAL 
USE 
W/lSrAGE 
c______ _ ______jll '--- -
WATER INTAKE WATER USED BUT NOT 
IMBIBED 
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econanies of seal e have resulted in units increasing in size. Srrall 
units with only a relatively minor derrand on the water system have 
developed into large intensive units still connected to an unchanged 
main. 
As little inforrration has been available on the water utilisation of 
pig units, their demands have largely been overlooked by the Water 
Authorities as well as pig producers. This has resulted in growth of 
'connected load' to the point where rural supply networks are being 
stretched to their limits. Overstretched supply networks result in a 
reduced flow to all consumers at times of peak demand but particularly 
to those outlets which are furthest frcm the original source. SUch a 
reduction of flow to large pig units can produce an under supply of 
water to the pigs and consequent reduction in performance and welfare. 
1.2 Water use, wastage and its cost 
In 1985 it was estinated that the U.K. pig industry consumed 19.12 
million cubic metres of water at a cost of alrrost £5 million per year 
(Carpenter 1985). However under £4 million of that was actually 
consumed by the pig, the rerrainder was wasted. The cost of this wasted 
water together with the associated costs of storing and disposing of 
the extra effluent it produced represents an avoidable cost to the pig 
industry of alrrost £25 million per year, see Table 1.1. 
There is little evidence available to enable quantification of total 
water consumed on pig units or the relative arrount used as drinking 
water. Borzym, ( 1984) showed that when theoretical parameters were 
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Table 1.1 Estimated costs of water use and water wastage on U.K. pig 
units. 
Water used (cubic metres) 15 million 
Water cost (£) 3.9 million 
Water wasted (cubic metres) 4.12 million 
Cost of wastage (£) 24.76 million 
Assl.IITptions: 
1, National Herd = 6.75 x 106 pigs 
2. Water Costs = 26p/cubic metre 
3. Wastage costs includes cost of water at 26p/rn3 plus 
storage and disposal of effluent at £5.75/rn3 average 
(£4.50-7 .00 range estimated) 
(carpenter, 1985) 
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Table 1.2 The calculation of the effluent storage capacity required 
for a 200 sow tmit with followers to bacon weight assuming 
at any one time a total pig population of 2000 of mixed 
ages. Storage required for four roonths. 
calculation: 
68 lactating sows at 12 litres/day 
132 dry sows at 8 litres/day 
1800 followers at 4 litres/day 
washing/waste, 
2000 pigs at 0.5 litres/day 
Total slurry per day 
In four roonths ( 122 days) 
Ass\.llli)tions: 
1 sow plus litter to weaning will excrete 12 litres/day. 
1 dry sow excretes 8 1 i tres/ day. 
0.816 m3 
1.056 rJ 
10.072 m3 
1229 rJ 
1 pig fran weaning to bacon weight fed dry meal excretes 4 litres/day. 
Waste water fran drinkers and cleaning pens 0.5 litres/pig/day. 
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used to calculate .derrand and ccrrpared with the rreasured values, the 
measured water delivery was nearly double that of the theoretical 
derrend. The excess water supplied was due to substantial leakages in 
the external and internal water pipe work, loose fixtures, and .the 
consumption of water for cleaning purposes. 
Day and Irgens, (1963), reported that wastage fran pressure washers 
resulted in six times rrore 1 iquid manure than when washers were 
installed that did not allow wastage into the pits. 
In estinating the effluent storage capacity required for a 200 sow 
t.mit (Table 1.2), A.D.A.S. (1984), assurred that 0.5 litres of water 
per pig per day was wasted from drinkers and the pen cleaning 
operations. Table 1.2 gives an indication of the proportion of water 
used for drinking as opposed to that used for pressure washing. 
Although the volume of effluent is not equal to the arro1.mt of water 
used it is closely related, (Lightfoot,1984). The effluent produced 
fran the growing pigs acco1.mts for over 70% of the total slurry 
produced on the whole t.mit. 
1.3 Piped supply systans for pig housing 
In the United Kingdan housed pigs are usually provided with water fran 
the public supply. In order to protect the public water supply, the 
statutory requirements of the Water Authorities require that the 
distribution of water to cannercial livestock must be carried out by 
the use of self refi 11 header tanks. These are connected to the 
'rrains' system via an air gap of 300 mn fran the supply valve to the 
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Figure 1.2 'l'be nain c::arpcnents of a piped drinking water supply 
system 
I 11 
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top of the retained water surface. The main cQTi)onents of a piped 
drinking water supply system are shown in Figure 1. 2 and are as 
follows: 
(1) A high pressure mains input. Mains water pressure varies fran 
authority to authority, between different regions within an authority 
and at different tirres of the day depending on other derrands closer to 
the supply source. 
(2) A header tank usually made of metal or plastic. The capacity of 
the header tank should be such that it can continue to supply water to 
the pigs for a period of time should there be an interruption in the 
mains supply. 
(3) A low pressure drinker supply line. The pressure in this line 
depends on the head of fluid which is deternri.ned by the height 
differential between the header tank and the drinker. This supply line 
is usually made of copper, alkathene, polybutylene galvanised iron or 
plastic. 
(4) Drinking utensils. There are many different types of pig drinker 
available to the carmercial producer. These broadly fall into three 
main categories: bowl drinkers, bite drinkers and nose drinkers. These 
are described in the next section. 
1. 4 Drinking utensils 
(1) Bite drinkers 
These are so called because the biting action of the pig allows water 
to flow fran the drinker by tmSeating a spring loaded valve fran an 
'0' ring washer. The valve assembly is shielded by a strong metal 
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Figure 1.3 Arato1 80 bite drinker (a) side elevation; (b) top 
elevation; (c) end elevation; (d) front elevation; 
(e) cross section (drawn to scale). (Gill, 1989). 
a 
lArato; Weeley Heath, Essex. 
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Figure 1.4 Lubin~type II bite drinker (a) side elevation; (b) top 
elevation; (c) end elevation; (d) front elevation; 
(e) cross section (drawn to scale). (Gill, 1989). 
a 
b 
lLubing Equiprent (UK) Ltd., Knutsford, Cheshire. 
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Figure 1.5 Jalmarson bite drinker (a) side elevation; {b) top 
elevation; (c) end elevation; (d) front elevation; (e) 
cross section (drawn to scale). (Gill, 1989). 
d 
b c 
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surround and the whole apparatus is small enough to be carpletely 
taken into the JroUth. Most bite type drinkers have a filter to protect 
the valve fran abrasive rraterials such as grit. Many designs have sane 
means of adjusting the water delivery rate, whether this be a screw 
adjustment or different sized flow restricters. Figures 1.3, 1.4 and 
1. 5 show detai 1 ed diagrams of hi te drinkers. 
(2) Nose operated drinkers 
Nose operated drinkers are sirrUlar to bite drinkers but do not require 
a biting action to operate them. Instead these drinkers have a small 
teat, nipple or tube which requires only a small force to displace a 
valve and allow water to flow into the pigs mouth. The valve can be 
of two different types, either a spring loaded valve (sirrdlar to that 
found in bite drinkers) or a stainless steel ball, which is kept 
closed by the canbined forces of gravity and water pressure. These 
drinkers are only suitable for low pressure systems. Most nose 
operated drinkers do not have the facility for adjustment of delivery 
rate. Figures 1. 6 and 1. 7 detailed diagrams of two types of nose 
operated drinker. 
(3) Bowls 
These can be further sulxlivided into constant level bowls and lever 
operated bowls. 
In constant level bowls, the water level is held constant by a float 
controlled valve to which the anirral does not have direct access. They 
are generally constructed in two parts; a bowl accessible to the 
anirral, and a protected zone in which the delivery nozzle and control 
valve is situated. The height of the water in the bowl can be altered 
by simple adjustment of the float position. The refill time will be 
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Figure 1. 6 Aratol 76 nose operated drinker (a) side elevation; (b) 
top elevation; (c) end elevation; (d) front elevation; 
(e) cross section (drawn to full scale). (Gill, 1989) . 
b 
a 
lArato, Weeley Heath, Essex. 
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Figure 1. 7 Mono-flol nose operated drinker (a) side elevation; (b) 
top elevation; (c) end elevation; (d) front elevation; 
(e) cross section (drawn to full scale). (Gill , 1989). 
c 
lMono-flo Lister; Halifax, Yorkshire. 
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Figure 1. 8 Al vinl piglet bow 1 drinker. 
b 
. ' 
-e - :-- - -.---
- - \,y"'"_; __ 
c 
!Fisher Foundries Ltd.; Bi~gham. 
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(a) side elevation; 
(b) front elevation; 
(c) cross section of bowl 
(d) cross section of valve 
{a,b,c 0.5 x full scale; 
d full seal e) 
{Gill, 1989) 
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dependent upon delivery rate through the valve which rray or rray not 
be adjustable. 
With lever operated bowls the valve allowing water to flow into the 
bowl is actuated by the pig's nose. The water can only flow when the 
lever is being pressed. The aim is to ensure a continuous 
replenishment of water in the basin during each drinking action. 
Figure 1.8 shows in detail a lever operated bowl drinker. 
In rrany bowls of this type the flow of water into the bowl can be 
regulated by a flow adjusbrent screw. Bowl characteristics such as 
shape, volume and correct adjustment of delivery rate are important, 
in order to minimise wastage and to keep the water as clean as 
possible. 
1. 5 The pattern of water denand 
The periodicity of water use is an iii'I>Ortant design parameter for any 
pipe network supply. It is necessary to predict times of peak danand 
in order to be able to supply the required amount of water. It is also 
important to examine the effects of the periods of peak denand on the 
water supply system as a whole. Albar et a1.,(1985), showed that for 
ration fed bacon pigs, fattening pigs and lactating sows, the peak 
water demand occurred inmediately after feeds. For sows the peaks in 
danand were 20 % of the total of the total daily water consUI'I'ption, 
that is 40 % being consumed in the two hours after the two feeding 
events. For bacon pigs and fattening pigs, the peaks in demand were 
13 %and 15 % respectively. 
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Simi 1 ar 1 y, Hepherd, Hanl ey, Armsby and Hartl ey, ( 1983) in an 
experiment. measuring the water use of two herds of bacon pigs showed 
that water demand rose sharply after the first feed and increased to a 
maxi.rrun just after the second feed. Little water was consumed between 
midnight and 0700 hours. 
Houpt, Weixler and Troy, (1985} showed that pigs consurre a large 
proportion of their requirement periprandially. Rushen, (1984} showed 
that the frequency of drinking was highest after feeding for tethered 
sows. 
There is a paucity of literature concerning the pattern of water use 
of pigs, however that reviewed here suggests that large peaks in 
demand for water do occur during the day. 
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2.1 Introducticm. 
Water is one of the roost irrportant of all nutrients and is often 
neglected when the nutrition of pigs is being considered. The reasons 
for this seem to be two-fold. Firstly, until recently water has not 
been considered an econani.cally significant input into pig units. 
Secondly, nutritionists have proceeded on the ass'I.DTQ?tion that the 
provision of water was not limited and as a result would not be 
limiting to pig performance. 
Aninals can survive without feed for longer periods than they can 
survive without water. A starving aninal may lose nearly all of its 
fat, half of its body protein and forty percent of its body weight and 
still live. However if it loses ten percent of its water serious 
disorders will occur and if it loses twenty percent of its body water 
it will die, (Maynard, Loosli, Hutz and Warner, 1979}. 
When faced with the problem of supplying water to pig housing it is 
irrperative to !mow the drinking water requirements of pigs. This 
chapter considers the irrportance and function of water as a major 
constituent of the aninal 's body. Water rretabolism is briefly 
discussed and two roodels describing the theoretical drinking water 
requirement of pigs are carpared. The physiology of thirst and the 
motivational mechanism of drinking are then discussed. Finally the 
chapter is concluded by listing the causes and practical problems 
normally associated with water deprivation. 
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2. 2 '1'be :iqlorlance of water for bodily function 
Water fulfils the following important functions in all animals: 
1. It affords a medium for the transportation of various substances 
such as cell nutrients and cell waste products. For exaJ!i)le potassium 
which is an essential dietary carponent is carried to the cell 
dissolved in water, crosses the cell wall and is again within a fluid 
medium. 
2. It is necessary to the life and shape of every cell and is a 
constituent of every body fluid. 
3. It is necessary for nany of the chemical reactions of digestion and 
metabolism. 
4. It plays a major role in temperature regulation in the body cooling 
the animal by evaporation fran the skin and upper respiratory tract 
(insensible heat loss). 
5. It aids gaseous exchange in respiration by keeping the lung alveoli 
troist. 
6. As a constituent of the synovial fluid, it lubricates the joints; 
in the cerebrospinal fluid, it acts as a water cushion for the nervous 
system; in the perilyrrph in the ear, it transports sound; and in the 
eye it is concerned with sight and provides a lubricant for the eye. 
7. Due to the high specific heat capacity of water, large changes in 
heat production can take place within the animal with very little 
alteration in body temperature. 
8. It acts as a sol vent for a m.unber of chemicals which can be 
detected by taste buds. 
The above functional requirerrents may be additive and also additional 
to the requirerrents of production. The functions listed above may have 
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a higher priority than production, and therefore when the aninal is in 
a situation in which water supply is inadequate, production functions 
will suffer in favour of the above life functions. Consequently there 
will be a reduction in animal performance. 
2. 3 The water content of the body 
This topic has been extensively reviewed by Gill, (1989). His rrajor 
conclusions are sumrarised below. 
The el11?tY body weight of pigs is fifty percent water, (Maynard et al . , 
1979) and the proportion of water decreases with increasing weight and 
age, Shields, Mahan and Graham, (1983). The variation of water body 
content is largely attributable to the variation in body fat content, 
Whittemore, Tullis and Bmmans, (1988). Gill,(1989) explains that there 
is a negative relationship between body fat and water content 
described by an equation produced by Whittemore et al., (1988):-
Percent body fat= 84- 1.29 Percent body water (p < 0.001). 
This can be explained by the fact that lean and lipid tissue on 
average contains 75-80 \ and 9-12 \ water by weight respectively 
(Whittemore and Elsley, 1979). 
An increase in absolute body fat content is related to a decrease in 
absolute body water content, (Shields et al., 1983). Thus as an anirral 
natures, it requires proportionately less water on a weight basis 
because it consunes less feed per kg liveweight and the water content 
of the body is being replaced by fat. This accounts for the fact that 
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gains in older animals are more costly than those in younger animals. 
The decrease in body water content with age is not only due to an 
increase in body fat content, but also to a decrease in the moisture 
content of fat and lean tissue per se. 
The stomach and digestive tract may contain a considerable volume of 
water. An adult pig of 190 kg liveweight can have a total digestive 
capacity of about 27 litres (Haynard, Loosli, Hintz and Warner, 1979). 
The mootmt of water in the digesta can be variable and may be included 
in measurements of total body water content. 
2. 4 caq;,artmental isation of body fluid 
The water content of the body is organized into two main carpartments: 
that inside the cells, referred to as intracellular fluid and that 
outside the cells described as extracellular fluid. The extracellular 
fluid is further divided into the vasculature (blood plasma) and that 
between the cells (interstitial). Two thirds of the body fluid is 
intracellular. Most of the extracellular water is outside the vascular 
carpartment in the interstitial coo;?artment. Blood capillaries do not 
make direct contact with the cells however the interstitial fluid 
forms the link between them, (Toates, 1979). 
Ultimately the amotmt of water which needs to be inbibed to maintain 
the hareostatic balance depends on the movement of water between the 
various catpartments. The fluid in the two main coo;?artments differs 
in that most of the sodium and chloride ions are in the extracellular 
carpartment while most of the potassium ions are intracellular. These 
differences are due to the properties of the cell membrane and 
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capillary walls. The capillary walls are the barrier between the 
plasrra and the interstitial fluid and allow roovement of all CCI'Ii'Ollents 
of the plasrra except the proteins. The cell membrane dividing the 
intercellular and extracellular carpanents is iJiilermeable to proteins 
and actively functions to naintain the differences in concentration of 
sodium and potassium ions across the rnerrbrane. The roovement of water 
between the fluid cmpartments and the consequential developnent of 
thirst is controlled by osroosis. A full accmm.t of the process of 
osmosis is given by Vander, Sheman and Luciano, ( 1975) . 
2.5 Water metabolism: Obligatory losses and gains. 
Originally life started in the saline enviromrent of the sea where the 
sinplest progression for aninals was to evolve with an internal 
catpOSition of similar catpOSition to the salt water in which they 
lived. When early anirrals rooved fran the sea to the land they retained 
a sea like internal carposi tion and therefore were faced with the 
problems of conserving and obtaining water, (Toates, 1979). This 
section is concerned with the mechanisms by which water is lost and 
gained fran a relatively advanced creature- the pig. 
Total body water content is a function of water intake, water 
metabolism and water loss. There are two prirrary sources of water 
available to pigs kept under nonnal systems of housing, feeding and 
rranagement. These are drinking water and water contained in feed, 
(A.R.C. 1981}. There is a third source of water gain, metabolic water. 
This is water formed as a by product of the oxidati ve catabolism of 
dietary carbohydrate, fat, protein, and the metabolism of body 
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tissues, (A.R.C. 1981). The four main avenues of water loss are: in 
the faeces and urine, and by evaporation fran the skin and the upper 
respiratory tract during exhalation. Additionally the pig uses water 
for growth and in the case of reproducing animals for the products of 
conception and for milk production, (Brooks and carpenter, 1990). 
In order to maintain a hareostatic balance water lost must be equal to 
water gained. When there is an imbalance in body water, (water loss 
exceeds water intake) , drinking normally occurs to rectify the 
situation. Chew (1965), states that when water is present ad libitum, 
considerable water is probably used only to bring about ITO'l'eilt-to-
rranent optiiTU.I!l\ balances in the body. On a restricted water intake, 
water balance is still maintained on a long-term basis, but probably 
not adequately fran IOOilleil.t to marent'. The. physiology of thirst and 
the rootivational mechanism of drinking are described later in sections 
2.6 and 2.7. 
2.5.1 The theoretical requirenent for drinking water 
Gill,(1989) and Brooks et a1.,(1990) have both extensively reviewed 
various published values and their derivations for the obligatory 
water inputs and losses in pigs. Both authors have produced factorial 
roodels quantifying the am:nmts of each of the water losses and gains 
for a 60 kg li veweight pig, all owing the aroo\lilt of daily drinking 
water required to maintain body water balance to be calculated 
theoretically. The roodels of Gill, (1989) and Brooks et al.,(1990) are 
presented in Tables 2.1 and 2.2 respectively. 
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Table 2.1 Exa~ti>le of the water balance of a 60 kg liveweight pig fed 
a carpounded diet and gaining 700g/day in a thenooneutral 
environment. 
(from Gill, 1989). 
Water used (ml) 
/lost 
Growth1 480 
Respiratiori 580 
Skin3 420 
Faeces4 970 
Urine8 290-1710 
Total 2740-4160 
Ass\mi)tians: 
Water consumed 
/formed 
Food water5 
Food oxidaticm6 
Water consumed7 
Total 
(ml) 
380 
450 
1910-3330 
2740-4160 
(1) Growth (700g/d) assumed to be 50\ water, estinated from sequential 
slaughter data (Shields et al.,1983). 
(2) Respiration loss assumed to be 0.58 1/day (Holrnes & Mount, 1967). 
(3) Insensible rmisture loss from skin assumes 13.4 g/rrll per hour at 
therrraneutral terti>erature and 70\ RH as obtained by Moriscm et 
al., (1967). SUrface area= 0.10W0.63, (Brody, 1964). 
(4) Ad Libitum fed pig of 60 kg liveweight assumed to eat 2.72 kg 
food {1.85 kg IM), (A.R.C., 1981). IM digestibility assumed to be 
82\ and faecal DM 30\, (Whittemore and Elsley, 1979). 
(5) ~ diet assumed to be 14\ rmisture. 
(6) Metabolic water produced is 7.43 ml/kg W per day, (Gill, 1989). 
(7) Water intake derived by difference. 
{8) Assuming that urine is 95\ water, (CUshny, 1926), a pig is 
expected to have a renal water loss of between 4. 75 and 28.5 ml/Kg 
W per day, {Dukes, 1984). 
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Table 2.2 Exanple of the water balance of a 60 kg liveweight pig fed 
a carpcnmded diet and gaining 700g/day in a thermmeutral 
enviramnent. 
( fran Brooks and Carpenter, 1990) . 
Water used (ml) (\) Water consumed (ml) (\) 
/lost /forrred 
Growth1 469 (8.2) Food water5 380 (6.6) 
Respiration2 580 (10.1) Food oxidation6 1015 (17.7) 
Skin3 420 (7.3) 
Faeces4 908 (12.9) 
Urine8 3370 (61.5) Water consumed7 4352 (75.7) 
Total 5747 Total 5747 
Ass\llfG?tions: 
(1) Growth (700g/d) assumed to be 67\ water. (Whittemore and Elsley., 
1979). 
(2) Respiration loss assumed to be 0.58 1/day (Holmes & Motmt, 1967). 
(3) Insensible moisture loss fran skin assl..llreS 13.4 g/rrll. per hour at 
thermmeutral tEI!i)erature and 70\ RH as obtained by Morison et 
al., (1967). SUrface area = 0.10W0.63, (Brody, 1964). 
(4) Ad Libitun fed pig of 60 kg liveweight assumed to eat 2. 72 kg 
food (2.23 kg IM), (A.R.C., 1981). IM digestibility assumed to be 
82\ and faecal IM 35\, (Kornegay and Vander Noot, 1968). 
(5) Cmpound diet assumed to be 14\ moisture. 
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(6} The diet is assumed to contain per 1000 g fresh weight, fat 70 g, 
carbohydrate 590 g and protein 180 g. The protein is assumed to 
have a biological value of 70 therefore 54 g of the protein would 
not be used in protein growth and would be deaminated. Therefore 
the yield of metabolic water per kg feed would be: 
Fat 
carbohydrate 
Protein 
g/kg 
70 
590 
54 
water yield/g 
1.10 
0.60 
0.44 
Total 
77 
354 
24 
455 
(7) Water intake assumed to be 1. 6 kg per kg feed which was the 
lowest ratio recorded by Yang et al., (1981) for pigs fed ad 
libitum. 
(8) Urine volume derived by difference. 
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From Gill's mxlel, (1989), it can be seen that the theoretical water 
intake of a 60 kg liveweight pig under the conditions described lies 
between 1. 91 and 3. 33 litres per day. In contrast, the theoretical 
value of water intake from the mxlel of Brooks et al. , ( 1990) is 4. 35 
litres per day. 
The single value from Brooks et al., (1990), is 30 % greater than the 
range offered by Gill, (1989). The rrain differences between the two 
models which account for the differences in theoretical water 
requirement are: 
(1) The am:nmt of water produced from the oxidation of food. 
(2) The method used to calculate water lost through the voiding of 
urine and water gained through drinking. 
Gill calculated that 0.45 litres water was formed from the oxidation 
of 2.72 kg of air dried food, whereas Brooks et al., calculate 1.01 
litres to be produced. A.R.C., {1981) state that 400 g of water are 
formed per kg of feed which would yield 1.08 litres of water. 
According to Yang, Price and Aheme (1984), every kg of air dried feed 
eaten will contribute between 0.28 and 0,48 litres of metabolic water. 
Therefore 2. 72 kg will yield between 1. 03 and 1. 3 1 i tres of water. It 
appears that Gill's value disagrees with the values from the other 
three sources. However Brooks et al., indicates, si.nple calculations 
based on the apparent cmposition of a diet nay considerably over 
estinate the yield of metabolic water due to the following three 
reasons: 
(1) The digestibility of individual diet carponents needs to be taken 
into account. 
( 2) All fat digested is 'l.Ullikely to be oxidised for energy. 
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(3) A large proportion of the protein absorbed will be utilised in 
protein metabolism and not oxidised. 
Lloyd, McDonald and Crarrpton, (1978), pointed out that although 
oxidation yields metabolic water, this process actually results in a 
net derrand for water as the water required for dissipation of the heat 
produced and the water required to excrete the end products of the 
process nay exceed that yielded by the reaction. 
The greatest discrepancy between the two models in the calculation of 
the theoretical requirement of water occurs in the method used to 
calculate water lost through urine and gained by drinking. Brooks et 
al., (1990) calculate water intake fran a m:in:innJm water to feed ratio 
measured by Yang et al., (1981), enabling urine production to be 
calculated by difference. Gill (1989) however, assuming that water 
intake is tmknown uses the range of urine production of the pig, cited 
by Dukes, (1984) and calculates the additional water to balance the 
model by difference. The water intake value fran the model of Brooks 
et al. , (1990) is based on a water to feed ratio of 1. 6 to 1. The 
water to feed ratio cal cu1 ated fran Gi 11 's model 1 ies between 0. 79 and 
1. 50 to 1. These values are in agreement with the findings of Barber, 
Braude and Mitchell, (1963), Holmes and Robinson, (1965), Bowland 
(1965) and Cunningham and Friend, (1966), who showed that restricting 
the water to feed intake ratio of growing pigs as low as 1. 5 : 1 had 
little adverse affect on growth and performance. 
The water to feed ratio of 1. 6 to 1 used by Brooks et al. , ( 1990) to 
calculate water intake was a rn:i.ninu.Jm measured by Yang, Howard and 
McFarland, (1981) for pigs of no more than 30 kg. 
Estirrates of water requirement using factorial methods such as these 
30 
represents the mininn.Jm daily intake required to maintain haneostasis. 
Brooks et al., (1990) state 'that the relative contribution of the 
different inputs and losses is extremely variable. The interactions 
between them produced by differences in health status, nutritim and 
environment are considerable and complex. Consequently factorial 
esti.Jration of water requirement is neither a reliable nor practical 
proposition.' 
2. 6 'l'he physiology of thirst and the internal control of body water 
balance 
The kidney: 
The kidney is responsible for the forrration of urine fran the blood 
and therefore maintains the blood volume and composition. In addition 
the kidney is an endocrine gland producing the hotlOOile renin which 
plays an irrportant role in the maintenance of body fluid, (Cook 1971). 
A complete description of the anat~ and functioning of the kidney is 
give by Frandson (1986). 
The control of blood volume and compositim is hotlOOilal. Cellular 
dehydration and decrease in plasma volume result in the releases into 
the blood stream of antidiuretic horm:me (ADI) fran the posterior lobe 
of the hypothalanus. ADI increases the permeability of the kidney 
collecting ducts, which increases the absorption of water and thereby 
forming a more cmcentrated urine (hypertonic). The absence of ADI 
results in the production of a hypotonic urine and the net loss of 
water fran the body. ADI fonns a feedback loop controlling fluid 
balance (see Figure 2.1), but has no direct affect on fluid intake, 
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Figure 2.1 The release of antidiuretic hormone, (Rolls and Rolls, 
1982) . 
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Figure 2.2 Blood volume regulation by angiotensin II, 
(Fitzsimans, 1976) . 
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(Rolls 1971). It does however have an indirect affect on fluid intake 
through its in£ 1 uence on urinary water 1 oss . The horrrone renin is 
produced from the juxtaglomerular cells and is secreted when water or 
sodiun need to be conserved. A reduction in blood volure results in a 
reduction in the pressure at the juxtaglomerular cells and a 
consequent release in renin. A fall in sodiun level is sensed by the 
macula densa also resulting in the release of renin. Renin acts on a 
substance in the plasma called angiotensin I which in turn is 
converted into angiotensin II. The actions of angiotensin II are shown 
in Figure 2.2. The release of renin is controlled by a negative feed 
back mechanism, that is the increase in circulating angiotensin II 
arrests further release of renin. Angiotensin II stirrulates both 
thirst and sodiun appetite , (Rolls and Rolls, 1982) 
In summary the kidney functions to maintain the volure and composition 
of the intracellular and extracellular campartments . Depletions of 
both compartments initiate rnechanisms to conserve fluid . 
Thirst: 
Early reports concerning thirst attributed it to local dryness in the 
roouth, 'The dry roouth theory', (Haller 1764, cited in Rolls et al., 
1982). However later experiJrents suggested that thirst rrust also be 
due to more general fluid changes, (Wolf, 1958; Grossman,1967). Figure 
2.3 summarises the factors which are presently thought to cause thirst 
following dehydration. Detailed reviews of the theory of thirst are 
given by Rolls et al., (1982); Epstein, Fitzsiroons and Siroons, (1969); 
and Fitzsitrons , (1969). 
The renin-angiotensin system is thought to be the most irrportant 
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Figure 2. 3 A surmary of the factors which rray contribute to the 
initiation of drinking following water deprivation, (Rolls 
and Rolls, 1981} 
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internal mechanism in the control of thirst. Angiotensin II initiates 
drinking through its site of action in the subfornical organ. 
Fitzsimans and Simans, (1969), stimulated copious drinking in rats by 
intravenous infusions of angiotensin II. Epstein, Fitzsimans and Rolls 
{1970), found that direct application of angiotensin Il to the brain 
caused rats in normal water balance to drink water in large aroounts . 
The effect of angiotensin II is very specific , that is, drinking is 
the only respcnse caused by its application,{Epstein et al. ,1970; 
McFarland and Rolls 1972; Rolls and Rolls 1973). In pigs Baldwin and 
Th.ornton (1986) showed that the drinking response produced by 
intracerebroventricular injections of angiotensin II was increased in 
the presence of sodiun ions. 
The prirrary internal receptors for osrooregulation are located in the 
lateral preoptic area of the brain. These receptors are excited by 
increased osroolarity resulting fran extracellular dehydration through 
water loss. Extracellular dehydration can be induced by intravenous 
injections of sodiun chloride solution. Ingrarn and Stephens (1979), 
found that after such injections in pigs, drinking occurred in direct 
proportion to the concentration of the sodiun chloride solution. In 
the same experiment Ingrarn et al., {1979) were unable to initiate 
drinking having i.nposed mild hypovolaemia by reJI'Y:)Ving 500 an3 of blood 
fran the main vein which would suggest that day to day variations in 
blood volune play only a very srrall part in the activation of the 
renin-angiotensin thirst response. 
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2. 7 Thirst and the tooti vatiana.l mechanism of drinking 
Fran the above it could be concluded that a drink rray occur each time 
the body-fluid level falls below a threshold value . Figure 2.4 shows 
an early mxiel of threshold level drinking of the laboratory rat put 
forward by Toates and Datley (1970) . A neural signal (negative) 
proportional to extracellular deficit is added to a neural signal 
proportional to cellular deficit (also negative) . Inhibitory effects 
are due to positive signals from water in the mouth and water in the 
stomach. If the excitatory signals are significantly greater than the 
inhibitory signals then drinking occurs . A fluid irrbalance above the 
threshold is necessary to evoke a drinking response. Without the 
concept of a threshold level the animal would be required to 
conti nually drink an infinite number of srrall quantities to rraintain a 
constant body water 1 evel . 
Fran the behaviour of the laboratory rat Toates et al., (1970) , 
suggested that the threshold had characteristics of hysteresis, see 
Figure 2. 5 . The drinking signal must reach a rninirrun value of T in 
this exarrpl e and the action of drinking then continues until the 
drinking signal is equal to zero . At a drinki ng signal of zero the 
body fluids are assured to be in balance. A signal of the value T 
causes the anirral to seek water. 
In a later rrodified theory Toates {1979), challenges the idea of a 
fixed set point and threshold appropriate to all environments and the 
theory that drinks only occur in r esponse to shifts in body fluid 
content is also questioned. Toates {1 979) also queries the validity of 
applying mxiels that have been developed for laboratory animals to 
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Figure 2. 4 The theory of Threshold Drinking I (Toates and oatley I 
1970) 
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Figure 2. 5 Hysteresis in the control of drinking, 
(Toates and Oatley, 1980). 
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undanesticated ani.nals where the envirc:nnent may be sanewhat 
different. It is suggested that a free ranqinq ani.nal at a distance 
fran a water supply may allow its body fluid level to fall below that 
regarded to be optinun when water is not so readily available. This 
may occur in the practical farm situation when there is carpeti tion 
for access to the drinkers. The theory is based on the fact that f1 uid 
inqestion is determined by at least two sets of causal factors; one 
set arisinq fran the animal's internal regulation of its body fluid, 
and a second fran the ani.nals perception of water available in the 
envircnnent. Fiqure 2. 6 shows a sirrplified version of the proposed 
trodel. 
In his coorrentary, Toates stresses the irrportance of the role of 
learninq in the drinkinq process because although there are neural 
siqnals which elicit drinkinq, the animal will not drink unless it has 
sane prior Jmowledqe of where or how to look for water. This happens 
for instance, in the situation when weaned piqlets are expected by 
farmers to Jmow that drinkers are provided for them to restore their 
water balance. Toates' rrodel also takes into account the relative 
availability of the water; thus if the water is difficult to obtain 
although still available, reduction in ingestion results in the body 
water level renaininq below what is considered to be normal. 
2.8 causes and practical prablE!IB associated with water deprivatim 
The causes of water deprivation can be placed into two categories: 
(a) those systems or production practices which by design irrpose 
limitations on how nuch water the piq may drink and when it may drink 
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Figure 2 . 6 A tentative m:xiel showing the candi tians tmder which an 
animal would ingest water, (Toates, 1979). 
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(b) those situations in which there appears to be an tmrestricted 
water provision but where physical, environmental or behavioural 
factors render the supply inadequate, Brooks et al.,(l990). 
Intentional restriction of water availability: 
(1) Using a water to feed ratio for liquid fed pigs which is too low 
and where the liquid fraction of the feed is the only supply of water 
available to the anirrals. 
(2) Deliberate rationing of water supplies by producers through the 
use of time controlled water valves on the supply lines. 
(3) The traditional practice of not allowing sows a water supply at 
weaning to reduce milk production and consequently to reduce the 
incidence of mastitis. 
(4) The failure to provide suckling piglets with a water supply in 
addition to the dam's milk. Milk, a product which is itself alrmst 90 
% water, actually creates a water deficit because it is a high 
protein, high mineral naterial. 
Unintentional restriction of the water supply: 
(5) Incorrect delivery rates due to incorrect type of drinker fitted 
in relation to the supply pressure. 
(6) Badly adjusted drinkers where adjustment is provided by the 
nanufacturer. 
(7) Reduced delivery rates due to dirt acC\.IIllllating in the supply 
lines and blocking filters, nozzles and other i.rrportant pipe fittings. 
( 8) Mal functioning of dispensers. 
(9) Overstretched rural water supplies \.Dlable to cope with large 
numbers of pigs requiring water at the same time. 
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(10) Insufficient munber of dispensers to supply the anirrals in a pen, 
at times of peak denand. 
(11) Poor positioning, causing greater competition for access. 
(12) Water refusal due to dispenser contamination with faeces or feed 
residues. 
(13) Dispenser types which require long periods of adaptation for easy 
utilization by the animals. 
(14) Poor quality/flavour of water, inhibiting consumption. 
2.8.1 Salt poisoning 
Salt poisoning is a misncrrer as it implies that the animal is 
suffering the effects of poisoning as a result of being fed excessive 
amounts of salt. Salt poisoning is ccmoonly the result of water 
deprivation and is m:>re correctly termed sodiun ion toxicosis. 
Clinical and subclinical salt poisoning may be m:>re coom:m than 
generally appreciated, subclinical salt poisoning often going 
unnoticed, (Osweiler, carson, Van Gelder and Buck, 1984). Water is 
needed to excrete soditun and other mineral ions form the blood. High 
dietary mineral levels can be tolerated by the ,pig providing it has 
adequate water available to detoxify itself. When water is not in 
adequate supply these minerals can build up to a toxic level as in 
sodiun ion toxicosis. Growing/finishing pigs fed on a liquid feed 
system are at particular risk to soditun ion toxicosis if no additional 
source of water is available. Many materials used to replace water in 
liquid feeding systems such as whey, skim and silage effluent are of 
high mineral content. In order to excrete the higher levels of 
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rrQnerals a separate supply of water is needed. 
Marks and Carr (1989) report a case of sodium ion toxicosis in a group 
of 30 day old pigs which had been deprived of water for four days. Ten 
percent of the weaners were recumbent and exhibited intermittent 
conwlsions. Of the rerrainder many showed behavioural abnomalities. 
When treating aninals suffering fran sodium ion toxicosis, a 
restrictive reintroduction of the water supply is necessary as water 
intoxication can occur. Slow rehydration is preferred as rapid 
rehydration can exacerbate cerebral oederra, (Buck, 1981). 
Death through water starvation nrust be regarded as the ul tinate insult 
to the anirral 's welfare. Death occurs in the advanced stages of sodium 
ion toxicosis. Minor degrees of salt poisoning nay result in a 
decreased performance. Pigs will generally consurre sufficient water to 
keep themselves alive. However the pig cannot be relied upon to 
consurre enough water to naxirrQse biological performance. 
2. 8. 2 Renal and urinary tract disease 
In piglets the renal ftmction ·is in a high state of activity due to 
the rapid growth rate and resulting high level of biochemical 
reactions. Thus, a high level of water turnover is necessary in order 
to elirrQnate the waste nitrogenous products of the growth process. 
High concentrations of nitrogenous naterial result in a higher 
incidence of nephritis (Albar et aL, 1985). 
Intensively housed sows have a tendency to develop urinary problems. 
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This rray be due to their tmnatural confinement by tethers and in 
crates causing then to be reluctant to stand up and urinate. Boars and 
sows kept out doors are active and pass urine rrore often than 
restrained sows, (smith 1983). Confined sows can void faeces whilst 
lying down but in order to urinate they need to adopt a proper stance. 
CUnningham and Friend, (1966). 
Reluctance to urinate causes a change in the concentration and pH of 
the urine. In addition the sphincter valve linking the bladder to the 
urethra weakens. Both these changes allow bacteria to enter the 
bladder which ITU.ll tiply and reside in 
tract, (Smith 1983). 
all sections of the urinary 
The kidneys of sows are relatively inefficient (Albar et al. 1985), 
and therefore in order to eliminate waste products the ITU.lSt drink a 
large quantity of water. A recent survey by the school of veterinary 
medicine at Liverpool University showed that 60-80% of sow deaths were 
caused by kidney trouble out of a total rrortality level of 6-8% in the 
breeding herds studied, (carr, 1989). 
Cystitis is another ccrrm:m catrplaint in sows which is possibly caused 
by lack of water (Smith, 1983). Jones (1968), examined 81 dead sows 
and found that cystitis was responsible for 15% of the rrortalities. 
Madec, Gillet and Irgens (1982), found uro-genital lesions in 43% of 
anirrals examined and reported that lesions were rrore nunerous when 
sows were kept in restraining systems. Madec (1985), noted that 
pregnant sows fran fall'IB with a history of chronic urinary disease, 
and subject to a severe water restriction (down fran 16-18 litres to 
6-8 litres per day), produce an increased urine density along with 
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bladder stones. 
2 • 8. 3 Reduced perfoiJIBilCe 
A poor water supply to lactating sows is a major predisposing factor 
of agalactia and consequent nutritional deficiencies and health 
problems for the suckling piglets. Garner and Sanders (1937) 
questioned whether sane cases of milk shortage were due to inadequate 
water intake. 
For fattening pigs a poor water supply predisposes the pigs to reduced 
performance and deterioration in carcass quality. ~ngham et al. 
( 1966), showed that restricting the water to feed ratio to 1. 25: 1 
resulted in a significant decrease in gain and a diminished protein 
percentage of the carcass. The decreased protein percentage was made 
up for by an increase in fat content, see Table 2 . 3. In an experiment 
investigating the effects of four different water feed ratios, Gill, 
(1989) showed that a decrease in total water use resulted in a 
significant decrease in daily live weight gain. 
In conclusion, there is a considerable am:nmt of evidence to support 
that pigs are significantly affected by water deprivation. 
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Table 2. 3 The effect of insufficient uptake of water 
(Fran CUnningham and Friend, 1966) 
Liveweight of pigs 
Water to feed ratio 
Mean dai 1 y gain 
(g/pig) 
Feed conversion ratio 
Body composition 
Proteins (%) 
Lipids (%) 
3:1 
531 
2.75 
17.1 
40.3 
38 kg 
1.25:1 
516 
2.85 
17.3 
38.4 
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3:1 
721 
3.31 
16.5 
32.2 
90 kg 
1. 25:1 
625 
3.83 
15.3 
29.2 
ClfAPl'm 3 ESTIMATES OF WATER USE BY PIGS OF DIFFERENT CLASSES 
3.1 Introduction 
Despite the afore mentioned evidence, there is a shortage of 
information concerning the water requirement and water utilisation of 
mxlern strains of pig under contenq>orary systE!'I5 of rranagement . Much 
of the evidence available describing the water use of pigs has been 
produced as a 'by-product' of other experiments which were designed to 
investigate prirraril y other factors. Work has been published 
describing the water intake of pigs where water use was actually 
measured and the accuracy of water rretering in sare studies is of a 
dubious nature. 
The factorial model put forward by Gi 11 , ( 1989), suggested a range of 
values for water requirement. The range was dependent on the balance 
between the various gains and losses and the factors determining each 
gain and loss. That is, there can be no fixed requirement for a 
specific class of pig, it will vary according to the variability of 
the different losses and gains. Factors affecting the water are 
discussed in Chapter 4. 
In addition to the requirement calculated by subtracting net water 
lost fran net water gained, other needs liU.ISt be considered. Water rray 
also be required for the satisfaction of behavioral drives and for the 
achievement of satiety. Thus the classic requirement as calculated 
above should be regarded as a mi.ninn.Jm value, where as the 'normal' can 
be expected to be greater than this. 
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''Requirerrents For Water" in the A.R.C. publication 'The Nutrient 
Requirerrents of Farm Livestock: Pigs', (1981), stated that the need 
for water is determined by the magnitude of the water depletions from 
the body together with the aroounts which are included in milk, in new 
tissue formed during growth or pregnancy. However, this factorial 
method for the estimation of water requirement is later ignored in the 
publication. Instead the authors recannendations on water allowances, 
suggested as adequate to meet the requirements of breeding sows and 
growing pigs, were based on various studies which assessed the denands 
of pigs offered unrestricted access to water. 
The A.R.C.,(1981) listed only 28 references on which it based its 
reccmnendations. Of these, only eight reported studies were conducted 
in the United Kingdom and only one of these was published within the 
last decade. Consequently changes that have occurred in the breeding, 
feeding and housing of pigs in recent years may have invalidated the 
conclusions reached from earlier studies. 
In its conclusion the A.R.C., (1981) stated that:-
"From the various reports considered, it is apparent that in 
conditions of free access to water there are wide variations in 
individual consumption. Generally it is not possible to decide whether 
these represent ~rtant idiosyncrasies or physiological needs 
which should be met if possible." 
Having acknowledged the wide variations in individual consumption the 
report then reccmnends a requirement (excluding lactating sows) of 
about 2 parts of water by weight for each 1 part of feed. This 
reccmnended ratio is widened for recently weaned pigs and narrowed for 
older animals. A.R.C. (1981), make no allowance for any other 
requirerrent additional to the nutritional minimum nor did it make any 
allowance for potential individual variation. 
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3.2 Estinates of water use by various classes of pig 
This topic has been extensively reviewed by Gill (1989). A summary of 
his nain conclusions together with infornation fran recent published 
work is presented below. 
3.2.1 The suckling piglet 
The water requirement of suckling piglets has been given little 
attention due to the ass\llli)tion that their water needs are lt'et by the 
sow's milk up tm.til the fifth week of life, (Albar et al. ,1985). 
Therefore the provision of a separate supply of water for suckling 
pigs has been regarded as little roore than an tmnecessary expense. 
Table 3.1 summarises various published estinates of the water use of 
suckling piglets. 
A.R.C. (1981} state that sow's milk has a water:dry natter ratio of 
about 4. 5: 1 and that suckling piglets have a lt'ean water intake during 
lactation of about 700 g/day. In an experiment reported by Barber, 
Braude and Mitchell, (1964) with suckling pigs which had access to 
water and creep feed, it was fotm.d that very little water was drunk 
during the first few weeks of life. Their daily water intake during 
the 3rd, 4th and 5th weeks was about 40, 45 and 75 g respectively and 
the cons\llli)tion of creep feed was negligible in this period. For the 
6th, 7th and 8th weeks, daily water intake was about 160, 300, and 480 
g respectively with the water to feed ratio about 1:1. It was 
concluded that the water utilisation for creep feed nay be no greater 
than that provided in the sow's milk. However, it was also noted that 
considerable variation existed between litters. 
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Table 3.1 Estimates of the use of water by suckling pigs 
(nU per piglet per day) 
Age of piglets (days) 
1-7 8-14 15-24 Author 
5 100-140 Aurraitre, (1964)* 
12 33 46 Friend et al., (1966) 
0 Bekaert et al., (1970) 
10-90 50-130 Wojcik et al., (1979)* 
40 Svendsen et al . , (1989) 
140-450 Bauer, (1983)* 
12 Fraser et al., (1988) 
4 8 Lobb, (1989) 
19 2-110 Gill, (1989) 
*Cited by Albar et al., (1985). 
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Auma.itre, (1964), showed that the contribution of sow-milk water to 
total daily water intake reached a maximum in week 4 of lactation and 
then decreased linearly tmtil weaning. Changes in the supply of sow-
milk water had no effect on the pattern of drinking water consl.IIT'(>tion 
which averaged 0.009 litres per piglet in week 5 and increased 
exponentially to 1.3 litres per piglet at 8 weeks of age. 
Friend and Clmn.ingham, (1966), reported that creep feed consl.IIT'(>tion was 
significantly less for piglets without water. Piglets receiving extra 
water made greater liveweight gains. Figures for average daily.water 
intake given by Friend et al., (1966), were in closer agreement with 
the values reported by Barber et al., (1964) than those published by 
Auma.itre (1964). 
Gill, (1989), investigated the effects of water and creep feed 
provision on the performance of growing pigs. He showed that the total 
amotmt of water used in week 1 averaged 0.13 litre/piglet. Litter 
groups offered creep feed had a significantly lower (P<0.001) average 
daily water use than those not offered creep feed, (0.02 canpared to 
0.05 litre/piglet). The provision of drinking water had no significant 
effect on creep feed intake. Gi 11 noticed that there were 1 arge 
variations within and between litter groups in both creep intake and 
water use. 
Lobb, (1989), showed that water intake increased exponentially fran 3. 5 
ml/piglet at one day old to 27 ml/piglet at 19 days old. He also 
noticed considerable day to day variation within and between litters. 
Fraser, Phi 1 ips, Thanpson and Peters Weem ( 1988) , showed water use 
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during the first 4 days after birth to vary greatly with an average 
use of 12 nU/piglet/day. 
The main conclusion that can be drawn is that there is large 
variations in the water use of suckling piglets between the sources of 
information available. 
3.2.2 The weaned piglet 
Modern systems of pig production favour early weaning at between 3 and 
4 weeks of age. Aumaitre,(1964), showed that milk-water comprises 80% 
of a suckling piglet's daily water requirements at 3 weeks of age, and 
this rerrains high at 80 and 68% respectively during weeks 4 and 5 of 
lactation. Therefore, weaning at 3 weeks of age which suddenly removes 
the piglets supply of water away from its source of nutrients 
exacerbates the stress of weaning. Although this period seems very 
important to the production process, there is very little information 
available describing the water use of weaned piglets. Table 3.2 shows 
various estimates of the use of water by weaned pigs. 
Brooks, Russell and carpenter (1984), studied the performance and 
daily water intake of pigs weaned at 3 weeks of age, fed one of two 
commercial diets. Average water intake increased from 0.71 
litre/pig/day at 4 weeks of age to 2.58 litres/pig/day at 7 weeks of 
age. The initial average weight was 5.12 kg, increasing to 13.49 kg at 
7 weeks of age. Weight gain and feed conversion improved with age with 
concurrent increases in water and feed intake. Feed intake was related 
to water intake. Water consumption in the first day after weaning was 
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lower than expected but this increased noticeably on the second day to 
a level exceeding expectation. 
In a recent study of pigs weaned at 3 weeks of age (Gill, 1989), the 
mean daily water use was observed to increase fran 0.49 litre/piglet 
at 4 weeks of age to 1.46 litres/piglet at 6 weeks of age. Live-weight 
at weaning and at six weeks of age averaged 5.69 and 10.72 kg/piglet 
respectively. Water intake was fotmd to be related to daily feed 
intake, mean live weight and the number of days post weaning. 
Gill,(1989), like Brooks et a1.,(1984), fotmd that water use in the 
first day post weaning was consistently low amongst all litter groups. 
Water use increased greatly on days 2 and 3 which rray be a 
ccmpensatory mechanism as a result of dehydration incurred on day 1. 
Again a consistent pattern of water use was not established tmtil the 
end of end of week 1. Gi 11 stresses that his results are in close 
agreerrent with those of Brooks et al . , ( 1984) . However, despite both 
experirrents being conducted tmder identical conditions differences 
were noticeable in water use between the two studies. Gill suggests 
that these differences nay be due to differences in the type of 
drinker used. 
Table 3. 2 shows that again 1 arge differences can be observed between 
the different reports. 
3.2.3 Tbe growing pig 
Although the water needs of growing pigs have been studied more than 
those of piglets. There is considerable variation between published 
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Table 3.2 Estirrates of the use of water by weaned pigs 
(litres per piglet per day) 
Age of piglets (days) 
21-28 29-35 36-42 42-49 Author 
0.69-0.91 0.85-1.13 Wojcik et a1 . , 
0.55 0.67 Ehlert et al., 
0. 6-1.2 1.0-1.7 1.5-2.3 Bauer, (1983)* 
0.73 1.20 1.90 2.37 Brooks et al., 
0.49 0.89 1.46 Gill, (1989) 
*Cited by Albar et al., (1985). 
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(1978)* 
(1979)* 
(1984) 
infonnation concerning the water requirements of growing pigs. Table 
3.3 summarises estimates of water use for growing pigs between 20 and 
100 kg from various authors. 
The relationship between live weight and water intake reported in sane 
of these studies differ greatly. Gill reports that the study by Bauer 
Ober and Schlenker,(1978}. indicated a linear relationship between 
water demand and live weight whereas information produced by DaelemanS 
and Bekaert, (1971) and Braude, Clarke, Mitchell, Cray, Franke and 
Sedgwick, (1957) indicated a curvilinear pattem of water demand. 
Gill, (1989), showed that quadratic equations produced significantly 
better fits than linear equations for the relationship between live 
weight and water use. 
Antoni, (1968), recorded a peak cons\Jil'iltion of 11 litres/pig/day at 
about 56 kg live weight whereas Daelemms et al., (1971) observed 
rraxi.mums of 5.1 litres/pig/day at 83.2 kg and 4.3 litres/pig/day at 
75.8 kg live weight for the Belgian Landrace and Pietrain breeds 
respectively. 
Canparing water use fran two different types of drinker Gill, (1989). 
measured an average daily water use of between 2.47 and 4.3 litres/pig 
for pigs growing between 29 and 76 kg live weight according to the 
drinker utilised. 
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Table 3.3 Estirrates of the use of water by growing pigs 
(litres per pig per day) 
(Adapted fram Gill, 1989) 
20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 
1 <------------------------5.7----------------------> 
2 7.5 10.4 1L1 10.2 9.3 9.0 
3 3.0 3.4 3.5 3.8 4.4 4.7 5.1 
4 2.4 2.9 3.7 4.3 4.3 
5 4.3 4.9 5.9 6.4 7.2 7.6 
6 <------------------------6.92---------------------> 
7 <-----------------------5.4-5.8-------------------> 
8 2.19 2.76 3.84 3.75 3. 92 
Author 1 Barber et al., (1963) 
2 Antoni, (1968) * 
3 Daelemans, (1971) Landrace * 
4 Daelemans, (1971) Pietrain * 
5 Bauer, (1978) * 
6 Hepherd et al., (1983) 
7 Lightfoot, (1985) 
8 Gill, (1989) 
*Cited by Albar et al., (1985). 
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10.1 
4.6 
8.4 
3. 2 . 4 The gestating sow 
Table 3.4 summarizes the results of various authors who have studied 
the water use of pregnant sows. Again there is considerable variation 
in both the average and range of values between the different studies. 
Light foot and Armsby, ( 1984) , in an experiment to study the water 
cons\.ll'liltion and slurry production of dry sows, recorded a range fran 
6.8 to 13.1 litres/sow/day and an average water use of 10.01 
litres/sow/day. This study found that water intake during pregnancy 
was related to body weight. In another study by Riley,(1978), the 
average water intake for dry sows was 13.5 litres/sow/day during the 
gestation period. 
Friend, (1971) recorded the water intake of pregnant gil ts and sows 
offered ad libitum cereal and protein pellets tmder a selective 
feeding system. Over two reproductive cycles it was seen that water 
and feed intake increased during the first 3 weeks post conception, 
but decreased towards the end of pregnancy. A similar observation was 
made by Madec,(1985), who fotmd that the average daily water 
cons\.ll'liltion of pregnant sows decreased significantly fran 7. 9 to 5. 6 
litres/sow/day after week 11 of pregnancy. Friend, (1971), suggested 
that this decrease in water derrand during gestation may be due to a 
reduction in uterine fluids in late pregnancy as deroonstrated by 
Paneroy (1960). 
A.R.C.,(1981) state that there is little indication of any progressive 
increase in the water requirements of sows during gestation. It is 
suggested that the needs of increased metabolic activity may be offset 
to sane extent by an improved feed:gain ratio. It also stated that the 
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Table 3.4 Estinates of the use of water by gestating sows 
(litres per sow per day) 
(Adapted fram Gill, 1989) 
Estinate Author 
13.5 Riley, (1978) 
11.4-12.5 Fiedler, (1978)* 
14,9 Bauer, (1981)* 
22.0 Weckowicz, (1981)* 
6.8-13.1 Lightfoot et al., (1984) 
17.0 Madec, (1985) 
*Cited by Albar et al., (1985). 
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quantities of water usually fall within the range 3.5-8 
litres/sow/day. 
3.2.5 'l"he lactating sow 
In addition to the report of Gill, (1989}, the water use of this class 
of pig has trore recently been reviewed by Fraser, Patience, Philips 
and Mcleese, (1990). 
Table 3.5 sumrarizes the results of various authors who have studied 
the water use of lactating sows. Again a feature of this Ccr!l>ilation 
is the considerable variation in both the average and range of values 
between the different observations. 
The water derrands of a lactating sow are clearly greater than those of 
a pregnant sow. Water constitutes about 80% of sow's milk, 
Lodge, (1958}. 
Lightfoot, (1978}, recorded water intakes of lactating sows over a 12 
tronth period where the 100an daily water intake was measured as 18 
litres/sow. This figure was fotmd to be similar in both sunmer and 
winter. After the fifth day of lactation the extrerres of the water 
cons\.ll'li)tion range were 40 litres and 12 litres/sow respectively. In a 
later study, Lightfoot et al., (1984}, fotmd that the 100an daily water 
cons\.ll'li)tion ranged fran 14 to 21. 3 1 i tres/ day and averaged 17 . 7 
litres/day. Riley,(1978), recorded the water intake for lactating sows 
during one tronth in winter to be 25 .1 1 it res/ sow/ day. 
Friend, (1971), showed that sows increased their demand for water and 
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Table 3.5 Estirrates of the use of water by lactating sows 
(1 i tres per sow per day) 
(Adapted from Fraser et al. ,1990) 
Estirrate 
19.4 
8.1 
17.4-45.3 
12.0-40.0 
25.1 
19.9 
27.0 
14.0-21.3 
12.7 
18.9 
14 
Author 
Garner et al., (1937) 
Friend, (1971) 
Fiedler, (1978)* 
Lightfoot, (1978) 
Riley, (1978) 
Bauer, (1981)* 
Weckowicz, (1981)* 
Lightfoot et al., (1984) 
Diblik, (1986) 
Gill I (1988) 
Fraser et al., (1989) 
*Cited by Albar et al., (1985). 
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feed imred.iately after farrowing and at a greater rate than the 
parallel increase in feed intake. A decline in water use was found to 
occur during week 4 of lactation. In this study water intake during 
lactation averaged 8.1 litres/day which is lower than recorded by 
others and considerably lower than the 14 litres/day estinated fran 
heat and milk production data by Mitchell and Kelly (1938). 
In a 100re recent study of the water use by lactating sows, 
Gill, (1988), total water use increased linearly over the week before 
farrowing and reached 12.2 litres/sow on the day prior to farrowing. 
On the day of farrowing total daily water derrand decreased to 9. 3 
litres/sow and after farrowing increased curvilinearly before 
levelling off in week 3 of the lactation. Daily water use throughout 
the period from farrowing to weaning, averaged 18.9 litres/day. Water 
intake was found to be related to feed intake and the number of days 
post farrowing and the relationship could be described by the 
equations: 
Y = 4.22 + 2.52 x1 
y = 7.63 + 1.81 ~ - 0.05 ~2 
Where: Y = Average daily water use (litres/sow) 
Xl = Feed intake (kg/sow/day) 
X2 = Number of days post weaning 
Gill states that one of the nain similarities between his findings and 
those of other authors is the considerable variation between daily 
water requirements of individual sows. The average value falls within 
the recannendations of the A.R.C. ,(1981) of 15-20 litres/day however 
individuals were found to have used between 1 and 49 litres/day. Gill, 
suggests that this large variation shows that an unrestricted water 
supply is essential to ensure that each sow can rreet its particular 
requirement. 
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3.2.6 Boars 
Due to the fact that boars only accotmt for a very srrall proportion of 
a pig herd, there have been few published studies on their water 
requirements. 
Fevrier, (1977), suggested that boars could be rraintained on the 
quanti ties which are adequate for growing pigs, that is 2 parts by 
weight of water per part of feed, without any adverse effect on their 
reproductive performance. 
Recently in a study by SUss, (1985), an allowance of 8 litres/day was 
recannended, whereas Menguy,{1978) suggested the higher value of 11 
litres/day. 
3. 3 The wet fed pig 
Water can be supplied to pigs in the feed (wet fed), by a separate 
drinking system, or by a combination of both methods. It is estirrated 
that 30% of U.K. commercial pig producers employ 'wet feeding systems' 
for their growing stock, ( Gi 11,1989) . This m.unber is on the increase 
due to the established advantages in feed conversion efficiency over 
dry feeding techniques together with recent developnents in Catil\lter 
controlled wet feeding systems. 
Braude and Rowell, (1967) showed that pigs fed a restricted curotmt of 
dry feed (with ad libitum water) took an extra 10 days to reach bacon 
weight. Moreover their feed conversion ratio was :ini>roved by 20% by 
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wet feeding. The am:nmt of water added to the feed, however had only a 
very slight effect on pig performance. In contrast Forbes and Walker, 
(1968) found no significant difference in daily gain between wet and 
dry fed pigs, however sane superiority in food conversion rate was 
demonstrated. Also there was a tendency for the pigs on the dry 
feeding system to produce better grading carcasses than those on wet 
feed. 
3. 3.1 The water to feed ratio 
Opinions vary about the optillU.liTl water to feed ratio when the sole 
source of water for pigs is that in the feed. The A.R.C. report (1981) 
states, 
"when pigs are given their water mixed with the 
system, the following water : dry matter ratios 
the estimated requirements. Growing pigs 2 : 1, 
feed in a wet feeding 
by weight should meet 
" 
It is difficult to understand why a strict 2 : 1 water to feed ratio 
can be recarmended in the light of recognition by the A.R.C. report 
(1981), that variation in the use of water is reported to occur 
between different authors. 
The Code of Recommendations for the Welfare of Livestock Pigs (1983) 
state that: 
"where water is not freely available, for exarrple by means of bowls or 
drinkers, at least 2.5 litres of water should be added to each kg of 
meal". 
With the advent of the wet feed system there has been an increase in 
the use of the term 'water to feed ratio'. Table 3.6 lists water to 
feed ratios measured in various investigations. With few exceptions, 
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workers investigating the water requirements of pigs insist on 
calculating a figure referred to as the water to feed ratio which 
takes no account of the fraction of water wasted. These Ca!illlted 
figures should in practice be used with care as they are actually 
water use to feed ratios and nay bear little relation to water intake 
to feed intake ratios prescribed in wet feed systems. 
In wet feed systems the element of waste in water use is snail and 
therefore the water to feed ratio is actually water intake to feed 
intake ratio. However in a production system where water is provided 
through separate drinkers, estinated water to feed ratios actually 
rrean water use to feed intake ratios, due to the greater arrount of 
wastage. 
Table 3.6 shows the disparity that exists between published water to 
feed ratios. This variation is clearly related to that which occurs 
between published water intakes from the same authors. Differences in 
these published water to feed ratios nay not be due to differences in 
water intake between the different sources but rather variations in 
the proportion of wasted water. The problem of wasted water will be 
discussed in the next chapter. Many water to feed ratios could be 
better used as a carparative measure of waste fran different systems 
rather than a recommendation for wet fed pigs. 
The use of the concept of water to feed ratio in estinating and 
evaluating water intake assumes that there is sare constant 
relationship between water demand and feed intake. Anand, (1961), 
showed that the intake of water by rramnals is usually correlated with 
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Table 3.6 Estimates of water to feed ratios of growing pigs 
(Adapted from Gill, 1989) 
Estimate 
2.4:1 
3.9-5.0:1 
3.0:1 
3.86:1 
2.7:1 
3.3:1 
2.5-5.5:1 
Liveweight 
(kg) 
18-95 
20-90 
16-91 
35-100 
21-46 
20-90 
18-88 
Author 
Barber et al . , (1963) 
Bow land, (1965) 
Holmes et al. , (1965) 
Antoni, (1968)* 
Motmt et al . , (1971) 
Hepherd et al . , (1983) 
Gill, (1989) 
*Cited by Albar et al., (1985). 
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food intake. Chew,(1965), demonstrated that anirrals exhibit a close 
and positive relationship between the arocnmt of a particular feed 
eaten and the aroo1.mt of water ingested. Mo1.mt, Holmes, Close, 
Morrisson and Start, (1971) showed that the ratio of water to dry 
matter for pigs kept at 20°C receiving 42 to 52 g of feed per kg live 
weight remained constant. 
The water to feed ratio is saretimes calculated in experimental 
analysis to enable a carparison to be made between experiments where 
different ages of pigs have been used or pigs on different planes of 
nutrition. However the A.R.C., (1981) acknowledges that the water to 
feed ratio is perhaps sarewhat wider for recently weaned pigs and 
narrower for older anirrals which reduces the validity for doing this. 
In contrast to the report of Anand (1961), Yang et al., (1981) showed 
that there was not a constant relationship between water intake and 
feed intake nor was there a simple correlation between the two. Water 
intake was 1.mchanged or slightly decreased when food intake was 
allowed to increase. Both reduction of food to half its usual aroo1.mt 
and fasting significantly increased drinking and water turn over rate. 
Fran these results Yang suggested that the pig possesses a limited 
daily volurretric intake of food and water. Below this limit the pig 
will consurre food as a first requiranent and limit water to a mininulm 
level. The ratio of water to feed is thus minimised when pigs are fed 
ad libitum. In addition Yang et a1.,(1984), showed that pigs exhibited 
polydipsia when the daily dry matter feed intake decreased below 30 
g/kg body weight. 
There appears to be widespread belief am:mg pig producers that when 
pigs are fed using liquid feeding systems there is no need or 
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justification for providing a separate supply of drinking water. 
Gi 11, Brooks and carpenter, ( 1986) , showed that pigs on a water to 
feed ratio of 3.5:1 still consume further water fran a separate water 
supply.. In this experiment average daily liveweight gain and feed 
conversion ratio were significantly improved at this higher water to 
feed ratio of 3. 5:1, which suggests that the 2:1 ratio recannended by 
A.R.C., (1981) is unsatisfactory when applied to wet fed pigs with no 
other source of water available to them. 
Barber, Braude and Mi tchell, ( 1958) , observed no differences in the 
rate of growth or efficiency of food utilisation of growing pigs given 
either 2, 2.5 or 3 to 1 water to feed ratios, but in this experiment 
no other supply of water was available. Barber et a1.,(1963), 
subsequently confinned that a water to feed ratio of 2 to 1 had no 
effect on performance or carcass measurements of the pigs . However 
when an ad libitum supply of water was given in addition to the water 
to feed ratio of 1.5 to 1 a significant increase in weight gain over 
all other treatments was seen. This is in agreement with the findings 
of Gil1,(1986). 
Where the only supply of water for growing pigs is the water with the 
feed, the water to feed ratio does not take into consideration 
individual anirral variation which is known to exist, nor does it take 
into accotmt differences in water use due to the factors affecting 
water use which are described in Chapter 4. 
Thus the water needs of growing pigs published as guidelines in the 
Codes of Recannendations for the Welfare of Livestock : Pigs (1983) 
and the Nutrient Requirements of pigs, A.R.C.(1981) are unsatisfactory 
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and do not safeguard either the physiological or welfare requirements 
of liquid fed pigs. 
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4.1 Introduction 
The tables of estinates of water use of the different classes of pig 
presented in Chapter 3 show the variability that exists in the figures 
for water use fran the various authors. Gill, (1989}, concluded his 
Thesis by saying:-
'There is no single water requirerrent for each class of pig or 
individual; the need for water and the am:>tmt used depends upon 
factors such as nanagernent, systan of feeding, feed intake, diet, 
physiological status, method of water provision, conditions of housing 
and stresses of the environment, clirrate and behaviour. ' 
The variation between reports referenced in Chapter 3 is likely to be 
due to the various factors affecting water use and requirement listed 
by Gill, (1989). 
The factors affecting total water use can be divided into those which 
alter physiological demand such as diet and environmental temperature, 
and those which increase water use, such as behavioral factors and 
those conditions which increase the amotmt of water wasted. 
4.2 The effects of diet campositian 
The A.R.C., (1981}, recognised that the pigs' requirements for water 
will be m:xlified by environmental factors, by increasing the dietary 
protein, by varying the intake of sodium and potassium salts and 
probably to a limited extent the dietary fibre content. However 
despite this there is little specific inforrration on the effects of 
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nutritional factors on the water demands of pigs. 
4.2.1 Protein 
Water is required for the removal of Nitrogen from the blood via the 
kidneys. Therefore feeding an excess and/or an tmbalanced protein will 
increase water derrand. Wahlstrom, Taylor and Seerley, (1970), fotmd 
that the water intake of growing pigs was greater when they were fed a 
16% protein ration compared with a 12% crude protein diet. 
Garrigus, (1948) showed that pigs receiving a good quality protein in 
their ration used less water per unit of feed than those on a poorer 
quality protein ration, indicating that poorer quality protein may 
increase renal water demand for excess urea excretion. 
Aumaitre,(1964) fotmd an average correlation of r=0.43 between the 
amotmt of nitrogenous material in the food and the water uptake. 
4. 2. 2 Sodi\.1[1 
Hagsten and Perry, (1976), showed an increase of between 10-20% in 
water use when the NaCl content of the diet was increased from 0. 06 
to 0.2%. Additions of salt above 0.2% produced only very small 
increases in water use because feed intake was depressed and therefore 
total salt intake remained approximately the same. Although this study 
suggests that water intake is increased when NaCl is added to the diet 
little is !mown of the relative importance of the sodium and chloride 
ions. Patterson, ( 1984), indicated that the sodium ion alone could 
produce the same response in increased water intake as sodium 
chloride. 
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4.2.3 Potassium 
There is sare evidence to indicate that high concentrations of dietary 
potassium nay increase the water requirements of pigs. Farries (cited 
by A.R.C. ,1981) investigated the effects of increasing the potassium 
intake on the metabolism of growing pigs and pregnant sows, and fotmd 
a positive correlation between potassium intake and water use. Gill, 
(1989) showed no significant increase in water demand with 3-5 week 
old piglets, when dietary potassium was increased fran 7 g/kg to 15 
g/kg. However, he showed a 25% increase in water intake for growing 
pigs when the potassium level was increased fran 8 g/kg to 17 g/kg. 
4.2.4 Antibiotics 
Antibiotics are thought to affect the pigs requirement for water. The 
type of antibiotic and the circumstances in . which it is fed nay 
produce differing results. Braude and Johnson, ( 1953) , found that a 
diet containing aureanycin caused increased urination. However 
Robinson, Coey and Burnett (1953), recorded a reduction in water use 
and an increase in liveweight gain for pigs receiving penicillin in 
the feed. In a later experiment Holmes and Robinson, {1965) found no 
consistent differences in the water cons\.l!liltion of pigs fed diets with 
and without penicillin. 
Brooks· et al., (1990) suggest that the effect of antibiotics on water 
demand will depend upon the relative extent to which water loss is 
reduced by the control of gastrointestinal disruption and water demand 
is increased to enable renal clearance of the antibiotic. 
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4.3 The effects of environmental terperature 
As ambient terJi)erature increases, there is a corresponding increase in 
the water cansl.JITiltion of pigs. Mount et al., (1971), investigated the 
effects of several environmental terJi)eratures (7 to 33°C) on the water 
intake of growing pigs by means of a calorimeter. Within the 
terJi)erature range 7 to 20°C there was no significant increase in water 
use. Water use was reported to increase significantly at terJi)eratures 
over 30°C. These results are in agrearent with those of Close, Mount 
and Start, (1971). 
In an earlier experiment Holmes and Mount, (1967), exposed growing 
pigs of either 20 or 60 kg live weight in a calorimeter to ambient 
terJi)eratures of either 9, 20 or 30°C for 2 weeks. Although water use 
per kg of feed was highest at 30°C they found that the water 
requirerrents per kg body weight increased linearly with increasing 
terJi)erature. 
Studying growing pigs, Steinhardt, Schloss and Ronicke, (1970) 
measured water consl.JITiltion as 88 ml/kg liveweight at 35°C, 68 ml/kg for 
20°C and 57 ml/kg at 1°C. 
Nienaber and Hahn, (1984} investigated the effects of environmental 
terJi)erature and water flow rate fran nipple drinkers on water use by 
young pigs and discovered that there was a significant interaction 
between the two factors. Water use was increased at 35°C c~ared to 
5°C. 
Gill,(1989) suggests that variations in ambient temperature within the 
thermoneutral zone are unlikely to have any significant effects on the 
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water darand of pigs. However tE!flileratures above 30°C rray result in a 
notable increase .. 
4.4 The effects of water temperature 
There is very little inforrration available on the effects of water 
tE!flilerature on the water use of pigs. Vajrabukka, Thwai tes and Farrel , 
(1987) showed that for pigs of between 45 and 90 kg, water use was 
increased fran 6.7 litres/pig/day at 30°C to 10.6 litres/pig/day at 
11°C at an ambient temperature of 25-35°C. 
4.5 The effects of the water delivery system 
This section examines the effects of the various cc:mponents of the 
water delivery system. 
4.5.1 The type of drinker 
There are ITBilY different types of pig drinker available to the 
canrercial producer. These broadly fall into three rrain categories: 
bowl drinkers, bite drinkers and nose operated drinkers. Producers are 
now becaning more interested in the effects on perforiTBilce and water 
wastage of different drinker types but there are varied reports 
regarding their influence on water use. 
In an experilrent involving growing pigs, Fiedler, ( 1982) , found that 
water usage was higher fran a nipple drinker than fran a bowl drinker 
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(16.2 as opposed to 14.2 litres/pig/day. Lightfoot,(1985), reported no 
significant differences in the water usage and performance of growing 
pigs fran three different types of bite drinker. Daniel son, (1973), 
also failed to detect any differences in the daily weight gain or feed 
conversion of growing pigs supplied with water fran either a self 
refill bowl or a bite drinker. 
Gill, (1989), undertook several experiments on the effects of drinker 
type on water usage and performance. The results are summarised here. 
In one experiment with growing pigs, water use was significantly 
higher (74%) fran the 'Mono-flo' nipple drinker (p<O.OOl) than the 
'Arato 80' bite drinker. There was no significant differences in feed 
intake, live weight gain and feed conversion ratio between the pigs 
using the two different types of drinker. 
In a Catllarison between 4 different types of drinker for growing pigs, 
water use was significantly higher (p<0.001) from the Mono-flo nipple 
drinker than the Arato 80, Lubing Type I and Type II bite drinkers. 
Gill attributed this difference to differences in wastage. Water use 
was higher with ad libitum than scale fed pigs for the three types of 
bite drinker. Drinker type was shown to have a significant effect on 
feed intake (p<O.OOl). 
In a third experiment with early weaned piglets, CCI!l>aring five 
drinker types, water usage was significantly higher (p<0.001) from the 
Mono-flo nipple drinker than fran the Arato 76 tube, Alvin bowl, 
Lubing Type I and Type I I bite drinkers. Drinker treatment had no 
significant effect on feed intake however liveweight gain was 
significantly higher (p<O.OS) for replicate groups in pens fitted with 
Arato 76 nipple drinkers. 
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4. 5. 2 The drinker posi tian within the pen 
Studies by Olsson,(1983), suggested that the location of bite drinkers 
within the chmging area of growing pig pens affected the arrmmt of 
water that was wasted. When the position of the drinker was changed 
fran the wall facing the lying area to a place on the partition 
between the dunging area and the lying area, the curount of wasted 
water was reduced fran 2.33 to 1.44 litres/pig/day. 
4. 5. 3 The influence of drinker nurber 
The effect of using one or two bite drinkers per pen of pigs was 
evaluated in a herd using restricted floor feeding by Si.Ironsson, 
Olsson and Gustafsson, (1977). The Jalnarson drinkers used were 
located in the dunging area. The pig perfotmance for the two groups of 
pigs were similar, however the pens with one valve per 5 pigs used 
approximately 8% less water. It is suggested that difference was due 
to 1 ess wastage as a result of 1 ess CQ!ileti tion for water in pens 
having two drinkers for 10 pigs. 
4.5.4 Tbe effects of water delivery rate. 
Water delivery rate nay be defined as the rate of water flow fran the 
drinker when the drinker valve is fully opened. Few nanufacturers 
suggest the opti.nun rate at which water should be delivered to 
different classes of stock, although an increasing nunber do provide 
facilities by which the delivery rate of the drinkers can be adjusted. 
76 
When recanmendations are made for water delivery rates these are not 
generally based on the results of research projects but rather on 
subjective observation. 
The water delivery rate for a given drinker is dependent upon the 
water pressure and the drinker inlet valve aperture. Stansbury, 
Hancock, Tumnire, Tribble and Orr, (1981), showed that water use by 
growing pigs from nipple drinkers with inlet valve apertures of 0.89, 
1.17 and 2.54 mm in diameter averaged 6.46, 9.64 and 10.14 litres/day 
respectively. There was a little i!Ti>rovarent in the growth rate of 
pigs provided with water from drinkers with the larger inlet valve 
aperture. 
Nienaber et al., (1984), studied the effects of water flow rates from 
nipple drinkers on the water use and perfornance of weaned pigs. At an 
ambient temperature of 5°C using the delivery rates of 100, 600, and 
1500 an3/min water use was measured as 3, 26, 4. 43 and 4. 62 
litres/pig/day respectively for 10 week old pigs. In a second 
experiment with 4 week weaned pigs reared at 30°C water use increased 
with increasing water delivery rate from 1.57 litres/pig/day at 100 
an3/min to 5.2 litres/pig/day at 1100 an3/min. However there were no 
significant effects on growth. 
4.6 Water wastage 
Sare of the large differences seen between independent studies already 
mentioned rray be due to differences in water wasted from the drinkers. 
Few researchers have attempted to quantify the am:nmt of water wasted 
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fran the drinkers. This is probably due to the difficulties arising 
fran trying to do so. Bekaert et al., (1970), claim that directly 
activated bite drinkers have an average spillage of 66% of that water 
dispensed. Using tritiated water, Yang et al., (1981), found that 
intake accounted for 80-90% of the volume recorded for bowl drinkers. 
These differences were presuned to be a rreasure of waste. 
Olsson, (1983) estirrated that water spillage accounted for 20% of the 
total volume of drinking water used by pigs. 
4. 7 The accuracy of water metering in experimentation 
The wide variations in water consumption of pigs described by A.R.C. 
(1981) rray be partly accounted for by variation in the accuracy of 
metering systems. The rrajority of researchers have anitted to 
describe their metering systems but it is suspected that 
conventional turbine meters have been rrost carrnonly used. 
The use of water by pigs is generally intermittent and at low delivery 
rates. Conventional turbine meters are not suitable for this type of 
measurement as they only respond accurately at relatively high and 
constant f 1 ow rates resulting in underestirration of water use in pig 
units. Conventional turbine meters have been reported to be as IIUlch as 
90% inaccurate I (Brooks I carpenter I Gill and Barber 1987). 
A second method of metering water which has been described in earlier 
research work and overcares the problem of low and intermittent flows 
is the use of calibrated tanks which are refilled at intervals 
rranually to a constant volume mark, (Brooks et a1.,1984). 
78 
Gill,(l989}, attempted to overcome the problem of low delivery rates, 
intermittent flows and the effects on accuracy by the use and 
developnent of a calibrated tank which autaratically fills at 
intervals to a constant volume mark. In filling at a high rate of 
flow, an associated turbine meter recorded the volune of water passing 
into the tank, with a reasonable degree of accuracy. 
The mode of operation however of these latter two systems still 
creates further practical deficiencies which makes the data resulting 
from their use suspect. Both devices operate on a changing fluid head 
which consequently alters the water delivery rate at the pig drinker. 
As the fluid head ccmnonly available in pig buildings is approximately 
2 m a change in head of 0.5 m represents a considerable reduction in 
water delivery rate at the drinker. Experimentation described later 
shows that water delivery rate can have a significant effect on water 
use. Therefore, for the accurate assessment of water use the water 
delivery rate should be constant. 
4.8 Conclusions 
There are still quite major carq>lications in determining the water 
requirement and quantifying water use for different classes of pigs. 
The vel tmtary water intake of pigs has not yet been measured 
accurately as researchers find problems in avoiding waste in these 
type of studies. Hence the factorial roodel of water requirerrent, 
(Gill, 1989), cannot be tested. 
Different reports have shown wide variations in the measured water use 
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for similar classes of pigs. Due to the vast number of parameters 
which can affect_water use together with the inaccuracies in metering 
water, it is not possible to state the water use of a particular class 
of pig. It is fairly easy to determine how a change in a single 
parameter alters water demand, but it is very difficult to produce a 
predictive mxl.el for water use in all cirC\.Dl\Stances. As yet a mxl.el 
has not been produced to produce definitive figures. 
Despite the inforrration available on the use of drinking water by 
pigs, this chapter can only be concluded by agreeing with a statement 
from The Codes of Welfare of Livestock: Pigs, (1983) 'It is important 
for pigs to have sufficient fresh clean water for their daily needs'. 
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PRINCIPAL OBJl!X:TIVES 
1 To produce an accurate assessment of the drinking water needs of 
pigs, nanaged tmder various environmental conditions, fran which 
reliable reccmnendations for water supply can be made. 
2 To identify the factors which have a significant effect on the 
drinking water use of housed pigs. 
3 To predict the water use of pigs according to their environment and 
conditions of nanagement. 
4 To identify when and why peak derrand periods occur. 
5 To deterrrdne the adequacy of existing cammon pig housing water 
supply systems in relation the to identified peak derrand periods, 
predictive equations for water requirements and the principles of 
fluid flow through closed pipes. 
6 To recommend alterations that can be made to existing pig housing 
supply systems to increase their efficiency and decrease the gap 
between derrand and supply. 
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The main conclusion that can be drawn fran Chapters 3 and 4 is that there 
is considerable variation between different reports describing the water 
use of pigs. It is tmknown whether this variation is due to actual 
differences in physiological requirement, inaccuracies in 
experimentation, poor interpretation of results or non-standardisation 
of experimentation. 
Gill et al., (1986) and Brooks et al., (1984) showed large variations 
between daily water use of early weaned pigs, using the same equipnent 
for their experimentation. It is suspected that this variation rray be due 
to inaccuracies caused by the water rretering devices used. The first 
stage of this research programre was concerned with the finding and 
testing of an accurate water rreter which was to be used in this research 
project to produce reliable data. 
Variations that occur between published recommendations for the water 
requirements of pigs rray be a result of the differences in the 
proportion of water wasted between different experiments. If it were 
possible to determine accurately the proportion of water wasted, then 
recameudations for water allowances could be made with a greater 
degree of precision and the factorial mxiel of gains and losses could 
be tested. Although it has been acknowledged that water is wasted fran 
drinking utensils, rarely have researchers attenpted to rreasure this 
waste because of the problE!IIS encot.mtered in doing so. Sinple 
subtraction of the wasted fraction fran the value of gross water use 
would give the net water intake. In this research programre rrethods of 
quantifying the wasted water were investigated. 
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It is clear that water use is affected by nany different factors. 
When considering the supply of drinking water to pig housing it is 
imperative to know how these factors effect water use. It is now well 
established that dispenser type significantly influences the aroo\.Ult of 
water used by pigs (Gill 1989). Further experiments have been 
\.Uldertaken to confirm this using accurate calibrated metering devices. 
One parameter affecting water use which has received little attention 
is that of water delivery rate. A drinker with a high water delivery rate 
will allow more water to flow through it than one with a low delivery 
rate. The large variation in estimations of water demand, reported by 
different authors (Chapter 4) rray have resulted fran differences in the 
delivery rates in the drinkers used. 
Most authors have anitted to rrake reference to the water delivery rate 
of the drinkers used. Gill,(1989) specified the water delivery rate 
for the drinker types examined but did not consider this parameter any 
further. It was suspected that the significant difference in water use 
between Mono-flo nipple drinkers and Arato bite drinkers identified by 
Gill, (1989) was more likely to be due to the large differences in 
water delivery rate (specified by Gill) between the drinkers rather 
than differences in the drinker types themselves. A rrajor part of the 
current research progranme carprised a series of experiments which aimed 
to investigate the effects of water delivery rate on water use and 
perfornance for different classes of pig. 
In previous research on the water requirements of pigs, workers have 
attempted to standardise experimental results, by expressing water use 
in terms of feed intake. The use of feed intake as a predictor in this 
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way is doubted and therefore an experiment was tmdertaken to consider 
whether body weight would be a JTDre accurate predictor. 
An increasing nunber of pigs are being wet-fed on U.K. units. The water 
to feed ratio recannended to producers has been based nainly on 
experiments which have been tmdertaken on non wet-feed systems and 
consequently rray not be applicable to wet systems where the proportion 
of waste water is negligible. An experiment was carried out to rreasure 
the water to feed ratio of wet-fed pigs which were able to select their 
own water to feed ratio with out water wastage. 
It has been reported that derrand for water by pigs is not constant 
throughout the day, (Hepherd et a1.,1983; Albar et a1.,1985). Periods 
of maximum derrand may have significant disruptive effects on rural 
supply networks. Peak demand periods have been dete~ned by measuring 
the pattern of water use of different classes of pigs. 
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\ 
Part 1: Initial experiments including water metering, 
wastaqe assessment and verification of cantenplrary stu:li.es. 
Experiment 1: The testing of water meters to be used throughout the 
research progLmme. 
Experiment 2: The evaluation of two indirect methods of detetmining 
the water intake of pigs. 
Experiment 3: The effects of water to feed ratio on the feed value 
of a grower ration. 
Experiment 4: The water use of early weaned pigs fran 3 to 5 weeks 
of age fed on four different diets. 
Experiment 5: A carparison of water use between four bite type 
drinkers by growing pigs on a scale based on metabolic body weight. 
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Part 2: An investigaticm into water delivery rate as a najor factor 
affecting the water use of pigs of different classes . 
.f Experiment 6: The effects of drinker type and water delivery rate cm 
,1\ the water use of growing pigs fed cm a scale based cm rretabolic body 
weight. 
Experiment 7: The effects of water delivery rate and drinker number cm 
~ the water use of growing pigs fed cm a scale based on rretabolic body 
weight. 
/Experiment 8: A cooparison of water use between four water delivery 
/\rates by growing pigs fed ad libitum. 
Experiment SA: A carpariscm of water use between two flow rates cm 
~growing pigs kept under commercial' production conditions fed ad 
libitum and cm a scale based cm rretabolic body weight. 
Experiment 9: A carparison of water use between four water delivery 
rates by early weaned pigs from 3 to 6 weeks of age. 
Experiment 10: A carpariscm of water use between four water delivery 
rates by group housed dry sows. 
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Part 3: An evaluation of the use of feed intake as a predictor of 
water use. 
Experiment 11: A ccrrparison of water use between four levels of feed 
1K intake by growing pigs. 
Experiment 12: A ccrrparison of water use and water to feed ratio 
l between four levels of feed intake by growing pigs, allowed to self 
( \._ 
select water to feed ratio. 
Part 4: Determination of the peak water derrand periods 
, Experiment 13: The pattern of water use of growing pigs fed on a scale 
' 
l based on metabolic body weight. 
Experiment 14: The pattern of water use of lactating sows. 
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Part 1: Initial investigatory experiments including water metering, 
wastage assessment and verification of canterrporary studies. 
Experiment 1: The testing of water meters to be used throughout the 
research progtdliiie. 
Introduction 
Differences in estirrates of water use between earlier research work rray 
have been due to inaccuracies in the method of water metering. In order 
for the current research prograntTe to produce accurate and valid results 
it was necessary, to find a meter which was accurate and reliable lmder 
the conditions in which it was expected to flmction (low and intennittent 
flows), and for each meter to be tested and calibrated. In order for a 
meter to start recording it requires a minillU.IITI flow (energy). 
Conventional turbine meters require a high minillU.IITI flow to start 
recording and therefore at low flows water can pass through the meter 
without being recorded, (Brooks et al., 1987). If the flow of water 
ceases suddenly, the turbine meters will over rlm, particularly at the 
higher flow rates, resulting in over estirration. In a situation where 
the flow is intennittent the meter is repeatedly stopping and starting, 
increasing the likelihood of errors occurring due to the reasons above 
(end effects) . 
Materials and Methods 
The perforrrance characteristics of twenty-four Kent PSH-L water meters 
were evaluated. The Kent PSH-L water meter is an irrproved turbine meter 
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designed specifically to operate accurately tmder conditions of low 
flows. The meters were tested at nine different water flow rates between 
125 an3 /mi.n and 2000 an3 /min. At the different flow rates the meters were 
tested tmder two test conditions:-
(i) Constant Flow: at each flow rate the meters were tested ten times 
for a period of sixty seconds. The volume recorded by the meter was 
noted, and the water which had passed through the meter was 
collected and weighed using a top-loading balance. For the flow 
rates below 500 an3 /mi.n the test period was increased to 180 
seconds. 
(ii) Intermittent Flow: at each flow rate the meters were tested by 
turning the water on for one second and off for two seconds. This 
sequence was repeated sixty times. Again the volume recorded by the 
meter and that which passed through it were measured and noted. 
A Sinclair Spectrum+- personal carputer was used to vary the flow rate by 
rermtely opening and shutting solenoid water valves by the use of an 
analogue/digital converter. Four solenoid water valves each with a 
different flow could enable a possible maxinun of fifteen different flow 
rates. 
Results 
Having weighed the actual am:nmt of water that passed through the meter 
and recorded the meter reading, it was possible to calculate the accuracy 
of the meters at different flow rates for both constant and intermittent 
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Table 5.1 The accuracy of meters tested at different flow rates 
for constant and intermittent flow. 
Constant Flaw 
Fl~ Rate Mean' S.D. S.E.M Range 
an/rnin Error 
125 -0.5 1.72 0.54 -3.4 to +1.5 
250 +0.7 2.02 0.64 -1.7 to +2.7 
500 0.0 2.05 0.65 -3.1 to +3.4 
750 +1. 7 2.20 0.40 0.0 to +3.6 
1000 +1.3 1.20 0.99 -2.2 to +3.8 
1250 +1.2 1.58 0.56 -2.4 to +3.7 
1500 +1.1 1.23 0.39 -0.6 to +2.6 
1750 +0.9 0.86 0.27 -0;4 to +2.5 
2000 +1.0 0.71 0.22 -0.5 to +2.1 
Intermittent Flaw 
~Rate Mean% S.D. S.E.M Range 
/rnin Error 
125 -3.0 4.93 1.56 -6.2 to +6.9 
250 -0.10 2.53 0.80 -3.8 to +4.5 
500 +1.20 1.62 0.50 -0.9 to +3.2 
750 +1.50 0. 97 0.31 0.0 to +2.3 
1000 +1.60 1.32 0.42 0.0 to +2.9 
1250 +1.80 0.99 0.31 -0.4 to +2.8 
1500 +2.20 0.38 0.12 +0.9 to +3.5 
1750 +2.30 1.03 0.33 +0.9 to +3.7 
2000 +2.5 0.47 0.15 +1.8 to +3.1 
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flows. The results are presented in Table 5.1. 
For the constant flow rate tests, the mean percentage error varied 
between -0.5\ and +1. 7\. For the intermittent flow tests the mean 
percentage error was greater varying fran -3.0\ to +2.5\. The variation 
in the range of accuracy for the intermittent flow tests was considerably 
greater than those of the constant flow tests. This is because the error 
due to end effects is maxindsed by increasing the number of times the 
valve is open and shut. 
Below are the perforrrance results of the Kent PSM-L rreter published by 
the manufacturers. 
Peak flow at 10 M head loss <.)Tax ± 2\ 2.0 m3 /hour 
Maximum continuous flow 2.5 M Qn ± 2\ 1. 0 nil /hour 
Transitional flow Qt ± 2\ 192 cm3 /min 
MiniiiU.I!II accurate flow (,)nin ± 2% 125 cm3 /min 
Starting f 1 ow Qs 65 aJ /min 
Discussicm 
Subjecting the rreters to intermittent flow rates would be the worst 
possible conditions that a rreter might be expected to function tmder. The 
average percentage errors were, in roost cases, within the manufacturers 
quoted tolerances, however certain individual rreters were outside these 
tolerances (shown by the size of the ranges). For both intermittent and 
constant flows on average the rreters were tmder reading at the very low 
flows. Having tested the rreters individually it was possible to calibrate 
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them where necessary according to the circumstances in which they were 
to be used. 
Once installed in the perfornance test houses the accuracy of the meters 
was checked periodically. During the course of the experiments it was 
fcnmd that a build up of dirt particles caused by low velocity water flow 
occasionally acctli'IUl ated within the meters. Where meters were fol.md to 
give a mean % error of greater than +I- 3% they were cleaned and 
replaced. Through out the research progranrne, the Kent PSM-L meter was 
fcnmd to be a reliable meter. Having tested the meters in the above 
fashion it is assuned that the recordings throughout the research 
progranrne were +/- 3% accurate. However the accuracy of the water meter 
does not standardise the variation in recordings due to differences in 
the proportions wasted. 
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Experilrent 2: An evaluation of two indirect methods of determining 
the water intake of growing pigs. 
Introduction 
Waste water is that water which enters the slurry stores without serving 
any physiological purpose, that is water spilt fram drinking utensils. 
The arootmt of water wasted by pigs tram drinking utensils rerrains 
unknown, although same researchers have suggested approximate figures 
with little supportive evidence. Bekaert et al., (1970) claim that 
directly activated bite drinkers on average spill 66% of the water they 
dispense. However Olsson, (1983) estimated that water spillage accotmts 
for 20% of the total volume of water used by pigs. If it is possible to 
determine indirectly the water intake of pigs, this value subtracted from 
the gross consumption value (metered) would give the amotmt of wastage. 
Knowing the proportion of wastage it would be possible to compare the 
efficiency of different drinker types. 
Methods which have been used for measuring wastage fall into two 
categories; those which directly measure wastage by collection and those 
which indirectly measure it by techniques which involve prediction of 
actual intake tram certain urinary characteristics. Olsson (1983), 
studied water wastage by direct measurerrent using a collection bin placed 
tmder a slatted floor below a drinker. This method is tmreliable because 
it fails to take accotmt of water which runs tmder the animal's jaw and 
drops tram the base of the sternum, by-passing the collection vessel. 
Madec (1984), carpared four indirect methods of estimating the water 
intake of pregnant sows. He fotmd the 100st accurate methods to be the 
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measurement of urinary creatinine concentration and urine relative 
density. These two methods have been used in this experiment to 
indirectly deterrrdne the water intake of growing pigs. 
Relative density is a measure of the urine concentration, that is, a 
measure of dissolved solute (salts) . Under constant envi ronrrental 
conditions, where water intake is controlled, the greater the water 
allowance (intake), the greater the volurre of urine produced, the lower 
the concentration of dissolved solute and therefore the lower the value 
for relative density. 
Creatinine is a breakdown product of muscle protein excreted in the urine 
at a relatively constant rate depending on the animal's physiological 
state. Duggal et a1.,(1978) found with growing pigs highly significant 
carrel at ions between body weight and urinary creatinine ( r=O. 98) . Mur 1 in 
et a1.,(1953} showed that creatinine excretion is positively correlated 
with biological protein value. Under constant environmental conditions 
where water intake is controlled, the greater the water intake the 
greater the volure of urine produced and therefore the lower the 
concentration of creatinine in the urine. 
Materials and Methods 
Experimental design and treatments 
Four treatments with four replicates were arranged within a metabolism 
test house in a CaJi>letely randanised design. The four treatments were 
as follows: 
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A water to feed ratio 1.63:1 
B water to feed ratio 2.13:1 
C water to feed ratio 2.63:1 
D water to feed ratio 3.25:1 
The water to feed ratios stated above are water to fresh weight of feed 
ratios asstuning the feed is air dried and has a dry matter of 85%. The 
water to dry matter feed ratios are given below. 
A water to IM feed ratio 2:1 
B water to IM feed ratio 2.67:1 
C water to IM feed ratio 3.33:1 
D water to IM feed ratio 4:1 
Aninals and housing 
Sixteen Large White (Large White x Landrace) entire males were taken from 
the second stage weaner acccmnodation and randanly assigned to the four 
treatments. Boars were selected in order that urine could be collected 
separately from the faeces. The pigs were kept in metabolism crates in 
a test roam maintained at 22°C for a total period of twenty days. The 
first ten day period was a prelirrdnary period in order for the pigs to 
grow accustomed to the confinerrent of the metabolism crate and the wet 
feeding system. The second ten day period was the trial period in which 
the sarrplings were made. The initial weight at the beginning of the trial 
period was 30. 9 ± 2. 45 kg. The pigs were fed a meal ration formulated 
from wheat, barley and soya according to a scale which allowed 115 g 
food/kg rJ· 75 • Mineral and proximate analysis of the feed are given in 
Table 6.1. The ration was split into two feeds per day, 09.00 hrs and 
16.00 hrs. During the trial period there were no feed refusals. The only 
water available to the pigs was that provided with the feed. 
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Table 6.1 Proxirrate and mineral analyses of the feed used in 
Experirrent 2 
Dry natter (%) 
Digestible energy (MJ/kg I:M} 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg I:M} 
Oil (Acid hydrolysis) (g/kg I:M} 
Total ash (g/kg I:M) 
calcium (g/kg IM) 
Phosphorous (g/kg DM) 
Magnesium (g/kg IM) 
Sodium (g/kg DM) 
Potassium ( g/kg I:M} 
Chloride (g/kg DM) 
85.2 
15.4 
20.8 
29.0 
129 
25.0 
71.0 
15.0 
10.3 
1.5 
2.6 
5.5 
3.1 
98 
Experimental procedures 
On six of the ten trial days, urine sarrples of two types were taken fran 
each anirral. Firstly each morning at 09.00 hrs a representative sarrple 
of the previous day's urine (24 hrs) was taken. Secondly at 12.00 another 
Sa!li>le was taken which was therefore fran the period 09.00 - 12.00 hrs 
that morning. Preliminary investigation with different hydraneters showed 
them to be in sufficiently sensitive. Therefore the relative density of 
the urine sarrples was measured using a relative density bottle and 
weighed to the nearest 0.001 g. The bottle was air dried and weighed. It 
was then filled with distilled water at 16°C and reweighed. The weight of 
the volurre of water contained by the bottle could then be calculated. 
(All relative density measurements were done at 16°C to prevent 
variations in density due to temperature fluctuations). The bottle was 
dried again and filled with urine (replicated three times to give a mean 
value). The weight of the volume of urine contained by the bottle could 
then be calculated. The weight of urine divided by the weight of water 
gave the relative density of the urine. This procedure was repeated for 
each urine sarrple. 
Estirration of urine creatinine was based on the reaction of creatinine 
with alkaline picrate to give a red colour. For each urine sarrple taken 
(replicated three times) the red colour produced was Ca!'l>ared in a 
spectrophotaneter at 520 nm with a known standard creatinine 
concentration. The absorbance of the test solution divided by that of the 
standard ITUll tiplied by 10 gave the urine creatinine concentration 
(mool/litre). 
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Table 6.2 Urine relative densities and creatinine concentrations 
for the 24 hour samplings. 
Water to IM 
feed ratio 2:1 2.67:1 3.33:1 4:1 
Water intake 2.84 3.64 4.44 5.44 S.E.0 p (litres) 
Relative 1. 021a 1.015b 1. 010c 1.008c 0.002 0.001 
density 
Coefficient 4.76 6.6 10.0 12.5 
of variation 
(%) 
Creatinine 8.18a 6.29a 3.54b 1.98b 0.98 0.001 
concentration 
(nmol/1) 
Coefficient 14.6 18.3 11.3 25.2 
of variation 
(%) 
a,b and c means bearing the same superscript are not significantly 
different. 
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Table 6.3 Urine relative densities and creatinine concentrations 
for the 3 hour samplings. 
Water to IM 
feed ratio 2:1 2.67:1 3.33:1 4:1 
Water intake 2.84 3.64 4.44 5.44 S.E.0 p (litres) 
Relative 1.016a 1.010b 1.007bc 1.005c 0.002 0.001 
density 
Coefficient 12.5 33.0 14.0 20.0 
of variation 
(%) 
Creatinine 5. 77a 3.59b 2.29b 1.63b 0.98 0.001 
concentration 
(lllOOl/1) 
Coefficient 12.1 45.0 23.0 29.0 
of variation 
(%) 
a,b and c means bearing the same superscript are not significantly 
different. 
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Results 
With one exception, the health of the pigs was good. One pig had to be 
rerooved fran the metabolism crate during the preliminary period suffering 
fran a rectal prolapse. As the only water available to the pigs was that 
in the food, water wastage was negligible and therefore total water 
intake could be calculated. For the four treatments, total water intake 
was as follows: 
2 : 1 
2.67 : 1 
3.33 : 1 
4 : 1 
2840 5/day 
3640 5/day 
4440 5/day 
5440 an /day 
Analysis of urine creatinine concentrations and relative densities for 
the 24 hr data are sl.mTlarised in Table 6. 2. Analysis of urine creatinine 
concentrations and relative densities for the 3 hr data are sl.mTlarised 
in Table 6.3. 
A oneway analysis of variance of relative density and creatinine 
concentration for both 24 hour and 3 hour SaJ'lillings showed their to be 
a significant difference (P < 0.001). The coefficients of variation were 
nruch greater for the three hour data indicating that the 24 hour data 
would be rrore reliable for prediction of water intake. T tests showed 
that urine voided in the period 09.00 hrs to 12.00 hrs had a 
significantly lower relative density and the creatinine content for than 
that voided in the total 24 hour period, for all four treatments (Table 
6. 4). This suggests that the concentration of urine is related to the 
time it is voided. 
Linear regression of water intake on urine relative density and urine 
creatinine concentration gave the following equations: 
24 hour samplings: 
Y1 = 1.034 - 0.00497 X Ff = 91.3% (P<0.001) 
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Table 6.4 A comparison of urine relative densities and creatinine 
concentrations for the 3 hour Sant>l ings and 24 hour 
totals for the four levels of water intake. 
Relative density 
Water intake 24 hr 3hr probability 
(litres) sarrple sarrple 
2.84 1.021 1.016 0.0190 
3.64 1.015 1.010 0.0025 
4.44 1.010 1.007 0.0001 
5.44 1.008 1.005 0.0001 
Creatinine ccncentratian (nrool/litre) 
Water intake 24 hr 3hr probability 
(litres) sanple sarrple 
2.84 8.18 5.77 0.0029 
3.64 6.29 3.59 0.0090 
4.44 3.54 2.29 0.0020 
5.44 1. 98 1.63 0.2300 
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Figure 6.1 The relationship between 24 hr urine relative density 
and total daily water intake per pig for growing pigs. 
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Figure 6. 2 The relationship between 24 hr urine creatinine 
concentration and total daily water intake per pig for 
growing pigs. 
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Y2 = 15.1 - 2.46 X rt = 87.6\ (P<0.001) 
3 hour samplings: 
rl: = Y1 = 1.027 - 0.00417 X 71.9\ (P<0.001) 
Y2 = 9.75- 1.57 X Ft = 70.3\ - (P<0.001) 
where Y1 = urine relative density 
Y2 = urine creatinine concentration (mool/1) 
X = water intake (litres) 
Analysis of variance of all four regression equations showed that 
they were significant representations of the data, those for the 24 hour 
periods having a higher probability. The larger coefficients of variation 
for the creatinine concentrations together with the lower coefficients 
of determination suggests that relative density is the better determinant 
of water intake particularly where total urine can be collected over 24 
hour periods. 
When the data was examined roore closely it was found that a curvilinear 
equation would produce a better fit than a silll>le linear regression line. 
Quadratic regression of urine relative density and urine creatinine 
concentration on water intake gave the following equations: 
24 hour samplings: ~ Y1 = 1.058 - 0.0171 X + 0.0~46 x2 = 96.2\ Y2 = 19.9 - 4.94 X+ 0.299 = 88.4\ 
3 hour samplings: ~ Y1 = 1.06 - 0.021 X + 0.002~ ~ = 82.7\ Y2 = 19.5 - 6.56 X + 0.601 = 76.7\ 
where Y1 = urine relative density 
Y2 = urine creatinine concentration (mool/1) 
X = water intake (litres) 
(P<0.001) 
(P<0.001) 
(P<0.001) 
(P<0.001} 
The above relationships are described by Figures 6.1,6.2,6.3 and 6.4. 
Discussicn 
For pregnant sows Madec (1984), found the correlations between water 
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Figure 6.3 The relationship between 3 hr sample urine relative 
density and total daily water intake per pig for 
growing pigs. 
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Figure 6. 4 The relationship between 3 hr sarrpl e urine creatinine 
concentration and total daily water intake per pig for 
growing pigs. 
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intake and urine relative density and water intake and creatinine 
concentration to· be 0. 65 and 0. 56 respectively for the first urine 
collected in the rooming. When the correlation coefficients are 
calculated fran the coefficients of detennination for the three hour 
sarrpl ings, they are all greater than 0. 8. As the results showed the 
degree of correlation is dependent upon the type of SaJlllle taken. The 
difference in correlation coefficients between the two experiments may 
be due to the time of sarrpl ing. 
Bate and Hacker, (1981) in investigating the effect of parturition on sow 
urinary creatinine found there to be large differences (p<0.001) between 
individual sows. Madec. (1984) fcnmd that the correlation between water 
intake and urine concentration was decreased if the animal was suffering 
from any urinary infection. Pregnant sows are roore likely to be suffering 
fran urinary disorders than growing pigs as used in this experiment. 
Water is lost fran the body through the lungs, intestines, skin and 
kidneys. Water requirement is detennined by the magnitude of these 
losses. The continuous loss of water vapour fran the upper respiratory 
tract and the insensible perspiration of the skin varies according to the 
surface area of the animal , its terperature, metabolic rate and 
environmental conditions, (refer to Chapter 2). 
In a situation where water is restricted, water may continue to be lost 
fran the skin reducing, the arrount of water lost in the urine and 
therefore producing a roore concentrated urine. Given free access to 
water, an animal will tend to drink sufficient so as to enable the 
elimination of urea or excess sodium or potassium salts as the volurre of 
urine tends to increase with the arrount of waste material, (Frandson, 
1986). Therefore the concentration of dissolved solute (relative density) 
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would remain constant tmder these circunstances. 
The predictive equations produced fran this experiment can only be 
applied to pigs between 30 - 36 kg kept tmder similar enviromnental 
conditions, feeding regime and where water was restricted. A change in 
tE!I'!Perature or salt concentration of the diet will produce different 
urine relative densities at the same water intakes. 
It is unlmown how relative density varies with age. Duggal and Eggum, 
(1978) showed that total urinary creatinine excreted was higher in 
heavier pigs (75 kg) canpared with pigs at 25 kg. There was little 
variation in relative density and creatinine concentration between 
individuals on the same treatment water intake. 
In a situation where access to water was unrestricted, urine relative 
density could not be used as a means for determining water intake because 
haneostasis dictates that animals will drink enough water to excrete 
waste products producing urine of relatively constant concentration. 
It is therefore concluded that the method could only be used in 
canparative situations to determine whether water was rrore restricted in 
one situation. Provided creatinine is excreted at a constant rate, its 
concentration would be useful as a predictor of water intake in 
conditions of free access to water in canparati ve situations. However, 
Paterson (1967), concluded that 24 hour creatinine output in h'lm'IEIIlS is 
not sufficiently constant enough to justify its use as a reference 
standard against which to canpare the excretion of other substances. It 
would therefore not be constant enough to be used as an accurate 
determinant of water intake and the case for pigs is taken to be the 
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same. 
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Experiment 3: The effects of water to feed ratio an the feed value 
of a grower ration. 
Introducticm 
With the increase in the use of wet feeding systems there has been a 
controversy over the optimum water to feed ratio that should be employed. 
Braude et al., (1967) showed that pigs fed a restricted aroount of dry feed 
(with ad libitt.m water) took an extra 10 days to reach bacon weight. 
Moreover feed conversion ratio was improved by 20% wet feeding. The 
aroounts of water added to the feed when fed wet had only very slight 
effects on pig performance. Forbes et al.,(1968) found no significant 
difference in daily gain between wet and dry fed pigs in contrast to the 
higher growth rates reported by Braude et al.,(1967). 
It is common for liquid fed pigs to have no other supply of drinking 
water. Gill (1989) conducted an experiment to investigate the effects of 
different water to feed ratios on the performance of growing pigs 
provided with an additional water supply. He showed that live weight gain 
and feed conversion improved significantly (p<0.05) as the water to feed 
ratio of the 1 iquid feed was increased fran 2: 1 to 3. 5:1. Pigs fed at the 
lower water to feed ratio used ~rore additional water than those on the 
higher water to feed ratios. 
The objective of this experiment was to investigate further the 
improvement in performance noted by Gill, (1989), by studying how 
efficiently feed is utilised by growing pigs at different water to feed 
ratios. 
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Materials and Methods 
Experimental design and treabrents 
Four treatments with four replicates were arranged within the metabolism 
test house in a caJi)letely randanised -design. The four treatments were 
as follows: 
A water to feed ratio 1.63:1 
B water to feed ratio 2.13:1 
C water to feed ratio 2.63:1 
D water to feed ratio 3.25:1 
The water to feed ratios stated above are water to fresh weight of feed 
ratios assi.Dlling the feed is air dried and has a dry matter of 85%. The 
water to dry matter feed ratios are given below. 
A water to J:M feed ratio 2: 1 
B water to DM feed ratio 2.67:1 
C water to DM feed ratio 3.33:1 
D water to I:M feed ratio 4:1 
Aninals and bausinq 
Sixteen Large White (Large White x Landrace) entire males were taken fran 
the second stage weaner acccmoodation ear tagged for identification 
purposes and randanly assigned to the four treatments. The pigs were kept 
in metabolism crates in a test roan maintained at 22°C for a total period 
of twenty days. Boars were selected in order that faeces and urine could 
be collected separately as the metabolism crates were not adapted for 
gi 1 ts. The pigs were weighed before entering the crates, at the beginning 
of the experimental period and again at the end of the trial period. The 
first ten day period was a prelirrdnary period in order for the pigs to 
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Table 7.1 ProxinBte and mineral analyses of the feed used in 
Experiment 3 
Dry matter (%) 
Digestible energy (MJ/kg IM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg DM) 
calciun (g/kg DM) 
Phosphorous (g/kg DM) 
Magnesitun (g/kg IM) 
Soditun ( g/kg DM) 
Potassitun (g/kg IM) 
Chloride (g/kg DM) 
85.2 
15.4 
20.8 
29.0 
129 
25.0 
71.0 
15.0 
10.3 
1.5 
2.6 
5.5 
3.1 
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grow accustaned to the confinerrent of the metabolism crate and the wet 
feeding system. The second ten day period was the trial period in which 
the sarrplings were nade. The initial weight at the beginning of the trial 
period was 30.9 ± 2. 45 kg. The pigs were fed a meal ration forrm.tlated 
from wheat, barley and soya, according to a scale which allowed 115 g 
food/kg w0· 75 . Mineral and proxinate analysis of the feed are given in 
Table 7 .1. The ration was split into two feeds per day, 09.00 hrs and 
16.00 hrs. During the trial period there were no feed refusals. The only 
water available to the pigs was that provided with the feed. 
Experimental procedures 
Sarrples of the feed were taken at the beginning and end of the 
experirrent. The feed was analysed for percentage dry natter, percentage 
crude protein and gross energy content. 
Faeces were collected under sulphuric acid, maintaining the acidity at 
pH 5, over the 10 day trial period. The collection of faeces was weighed, 
mixed thoroughly and a sarrple taken. The faeces were analysed for 
percentage dry natter, percentage crude protein and gross energy content. 
Urine was filtered through a copper gauze and collected under sulphuric 
acid maintaining the pH at 2-3. Two lOO ml sarrples were retained for 
analysis. The urine was analysed for percentage crude protein. 
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Results 
' 
With one exception, the health of the pigs was good. One pig was removed 
from the crates during the prelindnary period suffering from a rectal 
prolapse. Treatrrent means are presented in Table 7 .2. The data shows that 
digestibility is significantly increased as water to feed ratio is 
increased (p<O .05). There were no significant differences between 
treatrrents for digestible energy and nitrogen retention, however both 
D.E. and nitrogen retention increased nll!rerically as water to feed ratio 
increased. Between 2.13:1 and 3.25:1, there was a difference in estirrated 
D.E. of 0.84 MJ/kg DM. There were no significant differences in average 
daily live weight gain. 
Linear regression of individual pig values of digestibility, estimated 
digestible energy and nitrogen retention against water to feed ratio gave 
the following equations: 
Y1 = 74.3 + 2.44 Xl 
Y2 = 14.3 + 0.437 Xl 
Y3 = 1.15 + 0.176 Xl 
R2 = 29.9% 
R2 = 31.5% 
R2 = 10.1% 
Where Y1 = digestibility (%) 
(p<0.05) 
(p<0.05) 
(p>0.05) 
Y2 = estirrated D.E. (MJ/kg DM) 
Y3 = nitrogen retention (MJ/kg r/J· 75;day) 
Xl = water to feed ratio 
Analysis of variance of the above regression lines showed that for 
digestibility and estimated digestible energy the lines were significant 
representations of the data, however they only accotmted for 29.9% and 
31.5 % of the variation respectively. The regression equation for 
nitrogen retention on water to feed ratio was not a significant 
representation of the variation which is also reflected by the lower 
coefficient of determination. 
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Table 7. 2 The effect of water to feed ratio on dry natter 
digestibility estirrated D. E., nitrogen retention 
and pig perfonnance. 
Water to feed ratio (fresh weight) 
1. 63:1 2.13:1 2.63:1 3.25:1 S.E.0 
Digestibility (%) 79.1t 77. 7't 80 . 3ctb 82. 9t 1.48 
Estirrated D.E. 15.16 14.96 15.41 15.80 0.26 
(Mj/kg DM) 
Nitrogen retention 1.49 1.40 1.63 1. 74 0.19 
(Mj/kg W0.75/day) 
Mean daily live- 572 536 580 517 31.7 
weight gain (g) 
Mean initial 31.3 30.8 30.2 31.4 1.98 
weight (kg) 
p 
* 
N.S. 
N.S. 
N.S. 
N.S. 
Means bearing the same superscript are not significantly different 
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When the regression analysis is extended to include a second predictor 
variable, narrely pig average live weight, the following regression 
equations are produced: 
Y1 = 59.6 + 2.50 Xl + 0.434 X2 
Y2 = 11.7 + 0.446 Xl + 0.0769 X2 
Y3 = 1.73 = 0.174 Xl + 0.0171 X2 
where Y1 = digestibility (%) 
~ = 44.2% = 46.4% = 5.4% 
Y2 = estimated D.E. (MJ/kg DM) 
Y3 =nitrogen retention (MJ/kg rJ· 75 jday) 
Xl = water to feed ratio 
X2 = average live weight (kg) 
(p<0.01) 
(p<0.01) 
(p>0.05) 
By including average 1 i ve weight as a predictor, it can be seen that the 
regression lines for digestibility and estimated D.E. are now 100re 
significant representations of the data (p<0.01) .. The coefficients of 
determination have correspondingly increased. The regression line for 
nitrogen retention has remained non significant. 
Discussion 
The results show that by changing the water to feed ratio of the feed, 
the mean dry matter digestibility was significantly affected with the 
highest digestibility being recorded at the highest water to feed ratio. 
Average estimated D.E. was not significantly affected, however when 
individual values were used in a regression against water to feed ratio 
the regression equation obtained was a significant representation of the 
data. 
The increase in the significance of the analysis of variance of the 
regression lines when average live weight is included as a predictor 
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would suggest that not only is digestibility and estirrated D.E. of the 
feed affected by water to feed ratio but also by average live weight. 
There was no significant difference in the mean average live weights of 
the pigs on trial. However the significant regression line shows that 
within treatment differences in digestibility and estirrated D.E. were 
associated with corresponding within treatment differences in average 
weight. 
No differences in pig perfonnance were recorded although differences in 
the biological value of the food were detected. The experiment was not 
1.mdertaken over a long enough period in order that differences in pig 
perfonnance, resulting fran the better utilisation of the feed, could be 
detected. The experiment conducted by Gill, (1986) shows a significant 
difference in pig perfonnance for pigs fed at higher water to feed 
ratios. 
These results support the work of Gill, (1986), suggesting that the 
reason for increased live weight gain and F .C.R. with increasing water 
to feed ratio was due to greater digestibility and digestible energy 
value of the feed. 
In a study on the effect of the arrmmt of water on the rate of passage 
of food, Castle and Castle, (1956) reported that between water to feed 
ratios of 1.5:1 to 3.75:1 there was no significant difference in the 
digestibility of the dry matter of the faeces or crude protein of the 
ration.· Between the treatment water to feed ratios of 1.5:1 to 2.25:1 
there was no significant difference in mean retention time. Hhen the 
water to feed ratio increased to 3. 75:1 there was a significant decrease 
in mean retention time. 
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The main conclusion that can be drawn fran the results of this experi.Jrent 
(and that of Gill ·et a1.,1986) is that there is still a lack of reliable 
data concerning the water to feed ratios that should be reccmrended for 
the wet fed pig. The recommendations published by the A.R.C (1981) and 
the Codes of Recommendations for the Welfare of Livestock : Pigs (1983) 
are unsatisfactory. 
The results of this experiment suggest that the digestibility and 
digestible energy of a feed rray depend on the water to feed ratio at 
which the feed is fed. Consequently the results fran experiments 
conducted to evaluate the digestibility and D.E. of feeds rray have 
attributed incorrect values to raw materials or values which apply to one 
set of circumstances. Experiments which have been conducted ·using fixed 
(and low) water to feed ratios and denying pigs additional water rray have 
resulted in significant underestirration of nutrient value. The problem 
will have been exacerbated where raw rraterials under test were of high 
mineral content or contained excess/or unbalanced protein, both of whan 
would increase water demand. 
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Experiment 4: A carparisan of water use by early weaned pigs fran 3 
to 5 weeks of aqe fed an four different diets. 
Introduction 
The early weaning of piglets at 3 weeks of age is now a relatively cannon 
practice. SUckling piglets at 3 weeks of age obtain as much as 80% of 
their water requirements from water in the milk, Aurraitre (1964). The 
process of weaning abruptly separates the piglet's water supply away from 
their source of nourishrrent. The intake of drinking water during this 
period is therefore of great irrportance and has until recently been 
ignored as the relative quantities involved are small. In two recently 
published studies by Brooks et a1.,(1984) and Gill et a1.,(1986) the 
estimated water requirements of early weaned pigs differed by as much as 
30% (see Table 3.2). The objective of this experirrent was to increase the 
aroount of data available on the water requirements of early weaned pigs 
and to evaluate the effects of four different feeds on the these 
requirements. 
Materials and methods 
Experimental design and treabrelts 
The perfomance and water use of early weaned pigs fed one of four diets 
was evaluated. The treatment diets fran here on referred to as A,B,C and 
D were replicated through four pens replicates in space and in time 
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according to a Latin Square Design. Therefore at the end of the 
experiment each treatment would have occurred once in each pen and once 
in each tirre period. 
An:inals and housing 
Sixteen groups consisting of 5 entire male and 5 female Large white x 
(Large White x Landrace) were selected. The piglets weaned at 21 ± 2 
days, were ear tagged for identification and weighed. The average weaning 
weight was 5.86 ± 0.18 kg. As far as possible the groups were balanced 
for litter and weaning weight. At the beginning of each time period 4 
groups were randanly allocated to one of the four treatment pens in a 
flat-deck early weaner house. The house was maintained at a near constant 
temperature (nominally 27°C throughout the period of the trial. 
Each pen, measuring 1.45 x 1.25 m, was supplied with water fran a low 
pressure water system via two Arato 76 tube drinkers (Figure 1.5) IOOtmted 
0.25 m above the wire IreSh floors, allowing ad libitum access to the 
water. The pressure head of water was 1.3 m producing a water delivery 
rate at the drinkers of 175 am3/min. 
The piglets were fed in troughs measuring 1. 43 m x 0. 2 m. In order to 
maintain a supply of fresh feed, additions were-made at 0830 hours and 
1630 hours each day. The proximate and mineral analysis of the treatment 
feeds are presented in Table 8 .1. This piece of research was l.mdertaken 
for Dalgety Agriculture Ltd. and therefore the raw material carposition 
of the diets is confidential. 
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Table 8.1 Proximate and mineral analyses of the four feeds used in 
Exper:iJTent 4 
A B c D 
Dry natter (\) 91.9 90.7 91.3 91.0 
Digestible energy (MJ/kg IJ.t) 17.0 17.0 16.8 16.7 
Crude protein (g/kg DM) 24.8 24.3 24.1 23.6 
Crude fibre (g/kg DM) 26.0 28.0 22.0 22.0 
Neutral detergent fibre (g/kg !:M) 75.0 93.0 87.0 91.0 
Oil (Acid hydrolysis) (g/kg !:M) 63.0 72.0 71.0 72.0 
Total ash ( g/kg !:M) 73.0 66.0 79.0 77.0 
calcium (g/kg IJ.t) 9.9 7.6 12.8 12.6 
Phosphorous (g/kg DM) 7.8 6.7 9.0 9.5 
Magnesium (g/kg IJ.t) 1.5 1.5 1.5 1.3 
Sodium (g/kg !:M) 3.6 2.9 3.6 3.4 
Potassium (g/kg IJ.t) 9.7 8.6 9.2 8.8 
Chloride (g/kg DH) 7.9 5.4 6.0 5.9 
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Experim:!ntal procedures 
All feed inputs were recorded and soi 1 ed feed was rem:>ved and weighed 
when necessary. Water use was rretered using previously calibrated Kent 
PSM-L waters and was recorded daily at 0830 hours. Piglets were 
individually weighed weekly and remained on trial for 2 weeks. The 
tenperature of the flat deck house was monitored using a previously 
calibrated Thermograph. 
Results 
The health of all experirrental anirral s was good, with no deaths nor 
incidence of scour. Mean dai 1 y tenperature in the building varied between 
21.15 °C and 26.73 °C, significantly less than the prescribed temperature. 
This was probably due to a faulty or inaccurate thenrostat, or the 
difference between the location of the thenrostat and the Thermograph. 
The Thermograph was placed 1 m above the pen floors whereas the 
thenrostat probe was above the central passage. Although absolute 
temperature is very important for comparison between different 
experirrents data fran the Thermograph can be used to show relative 
differences·between different days. 
Water use, feed intake and performance data for each treatment feed are 
presented in Table 8.2. There were no significant differences between the 
four treatments for water use feed intake, or for any other of the 
parameters rreasured. 
As there was no significant difference in water use between the 
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Table 8.2 Water use, feed intake and performance of early weaned 
piglets fran 3 to 5 weeks of age fed on four different 
feeds. 
Treatment Feed 
A B C D p 
Water use 0.600 0.638 0.558 0.620 0.056 N.S. 
(litres/piglet/day) 
Mean live weight 0.179 0.189 0.155 0.185 0.013 N.S. 
gain (kg/ day) 
Mean F.C.R. 1.19 1.24 1.43 1.23 0.103 N.S. 
Mean feed intake 0.209 0.229 0.205 0.225 0.009 N.S. 
(kg/day) 
Mean weight (kg) 7.09 7.22 7.00 7.10 0.18 N.S. 
(trial period) 
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treatment diets, the daily data for the four treatments (four replicates 
of each), was pooled to give figures of mean daily water use which were 
used in an analysis of regression against the number of days post 
weaning. These mean daily values are presented in Table 8.3. 
Linear regression of the pooled water use data against the number of days 
post weaning gave the following equation: 
Y = 0.215 + 0.0517 X rt = 93.6% (p<0.001) 
Where Y = water use (litres/pig) 
X = m.unber of days post weaning 
Analysis of variance of the above regression line showed that it was a 
highly significant representation of the data (p<0.001) and accotmted for 
93.6% of the variation. When the data was examined rrore closely it was 
fotmd that a curvilinear equation would produce a better fit than a 
s~le linear regression line. Quadratic regression of the pooled water 
use data against the m.unber of days post weaning produced the fell owing 
equation: 
Y = 0.311 + 0.0158 X + 0.00239 ~ 
Where Y = daily water use (litres/pig) 
X = m.unber of days post weaning 
rt = 96.1\ (p<0.001) 
Analysis of variance of the above regression line again showed that it 
was a highly significant representation of the data, (p<0.001), the 
coefficient of determination increasing to 96.1 \. This relationship is 
shown in Figure 8.1 along with 99% confidence limits for mean values of 
water use. 
Means fran the 16 replicates have been used in a further analysis of 
regression to investigate the effects of feed intake and varying house 
terrperature on water intake: 
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Table 8.3 Mean daily water use data fran the four treatments for the 
14 days post weaning period. 
Days post weaning Water use S.E. 
(litres/pig) 
1 0.236 0.020 
2 0.444 0.026 
3 0.431 0.023 
4 0.396 0.016 
5 0.439 0.021 
6 0.486 0.022 
7 0 .531 0.031 
8 0.596 0 .027 
9 0 . 629 0.034 
10 0. 721 0.026 
11 0.758 0.034 
12 0.840 0.035 
13 0.916 0 .047 
14 1.022 0 .052 
127 
Figure 8.1 The relationship between mean daily water use of the 
four treatments and the number of days post weaning. 
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y = 0.136 + 2.16 Xl 
Y = -0.083 + 0.0295 X2 
rl- = 48.1% ~ = 46.7% 
Where Y = daily water use (litres/pig) 
Xl = daily feed intake (kg/pig) 
X2 = average daily terrperature (°C) 
p<0.002 
p<0.002 
Although the coefficients of determination of the above two linear 
regression equations are not very high, analysis of variance of the lines 
showed that the equations accounted for a significant arrount of the 
variation. These relationships are illustrated in Figures 8 . 2 and 8.3. 
Discussion 
The data in Table 8. 2 showed that the diet type did not have a 
significant effect on the water use , feed intake or performance of t he 
early weaned pigs in this study. However this study has produced a l a rge 
arrount of data on the daily water use of early weaned pigs . 
The pattem of daily water use imrediately after weaning depicted by 
Figure 8.1 shows that the piglets required a long time to adapt to their 
new means of total water supply. Prior to weaning the piglets had been 
in farrowing pens where drinking water was available from stmilar type 
drinkers as used in this experiment. This was deliberate in order to try 
and minimise the problems associated with finding and learning to use 
drinkers or different type of drinkers. Water use in the first 24 hours 
after weaning was consistently low am::mgst replicate groups which does 
indicate that the piglets rray have experienced difficulty in locating the 
drinkers or they just did not atterrpt to . Water use was then increased 
on days 2 and 3 indicating an over carpensation as a result of the 
dehydration incurred on the first day. After day 4, a consistent pat tem 
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Figure 8. 2 The relationship between mean daily water use and trean 
daily feed intake . 
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Figure 8.3 The relationship between mean daily water use and mean 
daily temperature. 
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of water intake was established. The pattern of daily water use is similar 
to that reported by Brooks et al., (1984) who investigated the 3 to 7 
weeks period and Gill et al., (1986) who worked with pigs of 3 to 6 weeks 
of age. In the 1984 experUnent water use over the 3 to 5 week period 
averaged 0.97 litres/pig/day and for the 1986 experirrent was 0.69 
litres/pig/day carpared to a mean value of 0.6 litres/pig/day. These 
results appear to be most sindlar to those of Gill et a1.,(1986). This 
could be because the drinker type used in this experirrent was the sarre 
as that used by Gill et al. , ( 1986) . Gill suggests that the disparity 
between his results and those of Brooks et al. , ( 1984) , is most 1 ikel y due 
to the fact that Brooks et al. used a different type of drinker which 
was designed to ndnindse losses through leakage, however the 
rranufacturers of' the Arato 76 used by Gill and in this study claim that 
their product reduces water losses by directing a correct stream of water 
to the rear of the piglet's ~muth. In all three studies it was not 
possible to measure the proportion of water wasted. Gill suggested that 
the differences in the values for water use could be attributed to 
differences in water wastage fran the two types of drinker as a result 
of leakage and spillage during play. In both of the earlier studies no 
reference is made to the water delivery rate. 
Both this experUnent and that of Gill et al., (1986}. produced equations 
fran linear regression analysis which can be tested to establish whether 
they are significantly different. 
Y = 0.19 + 0.07 X R2 = 67.4% 
Y = 0.215 + 0.0517 X R2 = 93.6% 
where Y = water use (litres/pig/day) 
X = m.unber of days post weaning 
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(Gill) 
( Experirrent 4) 
Both of the above regression lines account for a significant amount of 
the variation. The equation calculated fran the data fran this experiment 
has a higher coefficient of determination than that of Gill. Without 
calculating the variance for Gill's data it is only possible to compare 
the intercepts and regression coefficients of the two equations. T-ratios 
are calculated using the following expressions: 
t-ratio intercept = a-hO 
standard deviation of the intercept 
t-ratio gradient = b-hl 
standard deviation of the gradient 
where a = calculated intercept 
b = calculated gradient 
hO =intercept from Gill's equation 
hl = gradient tram Gill's equation 
t-ratio intercept= 0.785 
t-ratio gradient = -4.89 
(p>0.05) 
(p<O.OOl) 
Fram this analysis it can be seen that .the intercepts of the two lines 
do not differ significantly however, the regression coefficients are 
significantly different (p<O.OOl) indicating that the rate of increase 
in water use with days post weaning was different. This nay be due to the 
fact that the regression line produced by Gill was derived from data for 
3 to 6 weeks of age compared to Experiment 4 which was for 3 to 5 weeks 
of age. 
The regression of rrean water use against mean daily feed intake produced 
a regression line which was a significant representation of the data. 
Gill rrade a detailed regression analysis of water use against feed intake 
concluding that a curvilinear regression equation gave a better 
representation of his data. However such a detailed analysis has not been 
carried out with the data from Experiment 4 as daily feed intakes were 
not recorded. Despite this, it is still possible to compare the linear 
regression equation of water use against feed intake produced by Gill 
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with that of this experiment. 
Y = 0.05 + 2.18 X r(- = 79% (Gill) 
Y = 0.136 + 2.16 X r(- = 51.1% (Experiment 4) 
Both of the above regression lines accol.Ult for a significant am:nmt of 
the variation (p<0.002). The coefficient of determination of this 
experiment is lower because the analysis has not involved daily feed 
intakes and mean values for the whole period have been used. 
t-ratio intercept = 0.0703 
t-ratio gradient = - 0.143 
(p>0.05) 
(p>0.05) 
Fran this analysis it can be seen that neither the intercepts nor the 
gradients of the two lines differ significantly. 
Figure 8.3 showed that mean daily water use was significantly affected 
by the mean environmental temperature over the experimental period. 
This experiment produced data which is largely in agreenent with other 
authors and which can be built on in later experiments. It showed that 
water requirenent does depend on feed intake and varies according to 
temperature. Therefore when neking recannendations for the water 
requirenents of early weaned pigs these two factors nrust be taken into 
accol.Ult. 
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Experiment 5: A carparisao of water use between four bite type drinkers 
by growing pigs fed on a scale based an metabolic body weight. 
Introduction 
Scrre of the differences in water use between independent· studies on the 
same class of pigs could be due to differences in water wastage 
attributable to the type of drinker used. Gill, (1989) showed that water 
use was significantly higher (74%) fran Mono-flo nose operated drinkers 
(p<0.001) than from Arato 80 bite drinkers. 
The aim of this experiment was to investigate the water use of growing 
pigs and to determine the extent to which water use was affected by 
drinker type. 
Materials and methods 
Experimental design and treatments 
The water use and performance of growing pigs supplied with water from 
one of four bite drinker types was investigated. The four treatment 
drinkers evaluated were as follows: 1 Jalmarson 1760 (Figure 1.5) 
2 Arato 80 (Figure 1.3) 
3 Lubing 6026 (Figure 1.4) 
4 Arato 76 (Figure 1.6) 
The treatments were replicated through four pens and in time according 
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to a 4 X 4 Latin Square design. At the start of the trial one drinker was 
randanly allocated to each pen. They were then rotated arotmd the pens 
every 14 days according to the design so that at the end of the 
experiment each drinker treatrrent would have occurred once in each pen. 
Aninals and Housing 
The pigs were individually weighed at the start of the trial and ear 
tagged for identification purposes. Four groups of Large White X (Large 
White X Landrace) pigs consisting of four gil ts and three boars (initial 
mean weight 28. 5 ± 3. 6 kg) were assigned to the four treatrrent pens, 
balancing the groups according to weight, in a performance test house. 
The pigs where housed in the pens for four days prior to the ccnmencement 
of the trial in order to accustcrn them to the envirornnent and the feeding 
regime. 
Water was available ad libitum to each pen group fran a single drinker 
toounted on a variable height bracket. The height was initially set at 0.5 
m fran the grotmd as specified by the manufacturer, drinker height being 
increased by an equal arrount in each pen to rraintain reccnmended drinking 
attitude as the pigs grew. The drinkers were aligned at a 15° decline 
fran the grotmd. The water was supplied fran the mains supply (via an 
anti back siphon device) and metered through previously calibrated Kent 
PSM-L water meters • The pressure head of water was rraintained at 10 m by 
the use of a pressure regulator and the regulating devices within the 
treatrrent drinkers were altered to give an average water delivery rate 
of 600 an3 /min. 
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Table 9.1 Proxirrate and mineral analyses of the feed used in 
Experirrent 5 
Dry rratter (%) 
Digestible energy (MJ/kg DM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg DM) 
calcium (g/kg DM) 
Phosphorous (g/kg DM) 
Magnesium ( g/kg Il1) 
Sodium ( g/kg DM) 
Potassium ( g/kg DM) 
Chloride (g/kg DM) 
86.4 
14.5 
21.0 
41.0 
140 
32.0 
96.0 
16.2 
7.2 
2.2 
2.2 
8.3 
2.9 
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The pigs were fed individually in troughs twice per day on metabolic body 
weight scale of 100 g/kg rJ · 75 . The feed was formulated fran wheat, barley 
and soya. Proximate and mineral analysis of the feed is given in Table 
9.1. The daily meal allowance was mixed with an equivalent weight of 
water i.nmediately before feeding. This was necessary in order for the 
pigs to consume all of their ration. 
A rraxirrrum and minirrrum therm:meter was used to record temperature and was 
positioned as close to the pigs as possible whilst rerraining out of their 
reach. 
Experineltal procedures 
Pigs were weighed at the start of the experiment and then every week in 
order to determine their ration allowance. 
Water use was recorded daily at 8.45 am. Water delivery rates were 
checked once per week to prevent fluctuations throughout the trial. 
The pigs were fed at 0830 hrs and 1600 hrs, the am::nmt of feed given was 
recorded. The pigs were allowed 30 minutes to eat their allocated ration 
after which the rejected feed was removed from the troughs and weighed. 
A small SCII!i>le of the rejected feed was kept, weighed and oven dried at 
100°C for 24 hours to determine the unconsumed fractions of meal and 
water. 
Maxirrrum and minimum temperatures were recorded daily at 0845 hrs. 
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Table 9.2 Water use, feed intake and performance of growing pigs 
offer~ water frc:rn four different bite drinker types. 
Water use 
(litres/pig/day) 
Mean live weight 
gain (kg/day) 
Mean F.C.R. 
Mean weight (kg) 
Treatment drinkers: 
1 Jalmarson 1760 
2 Arato 80 
3 Lubing 6026 
4 Arato 76 
1 
3.57 
0. 753 
2.28 
47.21 
Treatment Drinker 
2 3 4 S.E.0 p 
4.37 3.26 3.63 0.32 N.S. 
0.732 0.722 0. 722 0.028 N.S. 
2.29 2.34 2.33 0.074 N.S. 
47.93 51.97 46.65 3.88 N.S. 
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Results 
The health of all experi.Jrental aninals was good, with no deaths nor any 
incidence of scour. Mean daily teflilE!rature in the test building decreased 
fran 17. 8 ° C during the first 14 day period to 15.7 ° C in the fourth 14 
day period. This was due to a fall in the external environrrental 
tarperature fran October to December, (see Table 9.3). 
Water use and perfornance data for each drinker treatment are presented 
in Table 9.2. Analysis of variance showed that the type of bite drinker 
arployed had no significant effect on the am:n.mt of water used by the 
pigs (p>O.OS). There were no significant differences in mean live weight 
gain nor feed conversion ratio (p>O.OS). There was no significant 
difference between mean weight during the experiment and as feed ration 
was dependent on a live weight scale there were no significant difference 
in feed intakes (feed refusals were mi.ninal) . 
As there was no significant difference in water use between the four 
treatments, the treatment weekly data was used in an analysis of 
regression against weight: 
Y = 2.38 + 0.0282 X R2 = 9.7\ 
Where Y = water use (litres/pig/day) 
X = body weight (kg) 
(p=0.046) 
Analysis of variance of the above regression line showed that it was a 
significant representation of the data, however it only accotmted for 
9.7\ of the variation (p<O.OS). When the data was exandned more closely 
it was fotmd that a curvilinear equation would produce a better fit than 
a sirrple linear regression line. Quadratic regression of the pooled water 
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Figure 9.1 The relationship between mean daily water use and rrean 
live weight for all the four treatments. 
(-----) 
(-) 
Linear regression line 
Y = 2.38 + 0 .00282 X 
Quadratic regression 1 ine 
Y = -2.58 + 0.247 x - o.oo226 x2 
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Where Y = water use 
(litres/pig/day) 
X = bcxiy weight 
(kg) 
use data against rrean weight produced the following equation: 
Y = -2.58 + o.247. x - o.oo226 x2 
Where Y = water use (litres/pig/day) 
X = body weight (kg) 
R2 = 16.0% (p=0.03) 
Analysis of variance of the above regression line showed that it was a 
significant representation of the data, the coefficient of variation 
increasing fran 9. 7% to 16.0%. Both the above relationships are 
illustrated in Figure 9.1. 
The data in Tab! e 9. 3 shows that the week! y increase in water use is 
greater at the start of the experimental period than towards the end and 
the mean house temperature slowly reduces. This suggests that the 
reduction in temperature is possibly having an effect on the water use 
as live weight increases linearly. In Experiment 4, temperature was fotmd 
to have a significant negative effect on water use, that is less water 
was used at the lower tenperatures. 
Regressing the water use against rrean live weight and mean house 
temperature gave the following equation: 
y = -4.13 + 0.0497 Xl + 0.327 X2 
Where Y = water use (litres/pig/day) 
Xl = body weight (kg) 
X2 = temperature (° C) 
(p=0.109) 
Analysis of variance of the above regression line showed that the line 
was not a significant representation of the data. This shows that house 
temperature did not have a significant effect on water use in this 
analysis. However the equation does show that the trend was for water use 
to increase as temperature increased which is similar to the findings of 
Experiment 4. 
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Table 9.3 Water use data pooled fran the four treatrrents for the 
8 weeks of the trial period. 
Weeks of Water use S.E 
trial (litres/pig/day) 
1 2.46 0.33 
2 3.53 0.50 
3 3.89 0.46 
4 4.05 0.54 
5 3.78 0.33 
6 3. 73 0.30 
7 4.20 0.62 
8 4.04 0.53 
Mean weight S.E. 
(kg) 
30.5 0.53 
34.54 0.55 
38.72 0.61 
43.45 0.62 
48.38 0.65 
53.80 0.68 
59.94 0.66 
66.37 0.63 
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T€11llerature 
(degrees C) 
17.36 
18.29 
17.64 
16.78 
16.86 
16.50 
15.71 
15.64 
Discussion 
The results of this experiment support the findings of Lightfoot, 
(1985), and Gill (1989). Lightfoot canpared the water use from the Arato, 
Jalmarson and Lubing bite drinkers for pigs of mean weight of 
approximately 60 kg. No significant difference in water use or pig 
performance were fotmd. When actual values of water consi.IIliltion are 
compared, from the data available, Lightfoot fotmd that at a mean live 
weight of 60 kg water use was 5.5 litres/pig/day compared with 4.2 
litres/pig/day for this experiment. The house teJTperature in Light foot's 
experiment was set at 18 °C compared to a mean measured temperature of 
16.8 °C in this experiment. This might accotmt for the difference in 
water use figures between the· two experiments. There may also have been 
differences in water delivery rate between the two experiments but 
Lightfoot provides no information on delivery rates in his study. Also 
Lightfoot makes no mention of his metering methods nor their accuracy. 
In a comparison between four different types of drinker, Gill,(1989) 
showed no significant difference between the Lubing 6026 and the Arato 
80. When actual values of water use are carq)ared, Gill,(1989) recorded 
water use for both the Lubing and Arato drinkers at a mean 1 i ve weight 
of 55 kg to be 5.0 litres/pig/day as opposed to 3.9 litres/pig/day at the 
same weight for this experiment. 
This apparent difference in water use may be a result of different house 
teJTperatures but Gill makes no reference to temperature. Also the water 
delivery rate in Gill's experiment was 670 cm3/min canpared to 600 cm3/min 
in this experiment which may have contributed to the difference in water 
use. 
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It is difficult to carpare results fran similar experirrents such as these 
when authors ondt what now appears to be important reference data. 
Mount et al., (1971) showed that as temperature increased there was a 
corresponding increase in water consumption. Within the temperature range 
7 to 20°C there was no significant increase in wat~r use. At temperatures 
in excess of 30°C water consumption increased significantly. In this 
experiment temperature did not have a significant effect on water use but 
this was probably due to the fact that the temperature range only varied 
between 15.6 and 18.3°C. 
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Part 2: An investigation into water delivery rate as a najor factor 
affec4ng the water use of pigs of different classes. 
Experiment 6: The effects of drinker type and water delivery rate an the 
water use of growing pigs fed an a scale based an 
metabolic body weight. 
Introduction 
It has been reported that drinking utensil type has a significant effect 
on water use. Gill, (1986) showed that scale fed pigs used 75.6% more 
water fran Mono-flo drinkers (nose operated drinkers) than fran Arato 80 
drinkers (bite type drinkers). When making an examination of the 
drinkers, it was noticed that at a water pressure head of 2 m, water 
delivery fran Mono-flo drinkers was considerably greater than fran 
WJ.restricted Arato 80 drinkers ( 2000 art /rnin CaJi>ared with 1000 art /rnin). 
The U.K. is tmusual in having low pressure drinking water supply systems 
due to the use of header tanks, (see section 5.6). Most of the rest of 
the World use high pressure systems. A large proportion of the drinkers 
used in this cotmtry have been illi>Orted and were devel aped for use with 
high water pressure. Therefore when used at lower pressures, they nay not 
deliver as much water as required. 
Mono-flo drinkers are relatively cheap and are sold without any means of 
regulating the water delivery rate however most bite drinkers have a 
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means of delivery rate adjustment, either by the use of different sized 
plastic restricter apertures as in the case of the Arato 80 or a screw 
which adjusts the size of the aperture. 
It was considered that the difference in water use observed by Gill, 
(1989) may have resulted from differences in water delivery rate from 
different drinkers rather than or in addition to differences in the 
design of the drinker. The objective of this experirrent was to 
investigate the effects of two different flow rates in Mono-flo nose 
operated drinkers and Arato 80 bite drinkers. 
Materials and methods 
Experimental design and treatments 
The water use and performance of growing pigs supplied with water from 
either Arato 80 or Mono-flo drinkers at water delivery rates of either 
300 an3/min or 900 an3/min was investigated. The four treatments were 
therefore as follows: 1 Arato 80, 300 an3/min 
2 Mono-fl o, 300 aJ /min 
3 Arato 80, 900 aJ /min 
4 Mono-flo, 900 aJ /min 
Diagrams of the drinkers used are given in Chapter 1. The treatments were 
replicated through four pens and in time according to a 4 X 4 Latin 
Square design. At the start of the trial the treatments·were randonliy 
assigned to a specific pen and rerrained in that treatment pen throughout 
the trial period. The four groups of animals were rotated arcnmd the pens 
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every 14 days according to the design so that at the end of the 
experiment each group of animals had spent two weeks on each treatment. 
An:inals and housing 
The pigs were individually weighed at the start of the trial and ear 
tagged for identification purposes. Four groups of Large White X (Large 
White X Landrace) pigs consisting of four gilts and four boars (initial 
mean weight 25.2 ± 1.9 kg) were assigned to the four treatment groups, 
balancing groups according to weight, in a performance test house. The 
pigs were housed in the test house for four days prior to the start of 
the trial in order to accustom them to the environment and the feeding 
regirre. 
Water was available ad libitum to each pen from a single treatment 
drinker mounted on a variable height bracket. The height was initially 
set at 0.4 m from the ground as specified by the manufacturer, drinker 
height being increased by an equal curount in each pen to maintain the 
reccmrended drinking attitude as the pigs grew. The drinkers were aligned 
at a 15• decline from the ground. Different water delivery rates in the 
Arato drinkers were achieved by varying the internally fitted plastic 
restricter apertures. To vary the water delivery rate in the Mono-flo 
drinkers the mounting bracket had to be altered to acccmrodate similar 
restricter apertures. The delivery rates selected were checked weekly and 
rerrained within 5% of the nominal values. The water was supplied from 
a low pressure header tank system and metered through previously 
calibrated Kent Pl:M-L water meters. The pressure head of water was 2 m. 
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Table 10.1 Proximate and mineral analyses of the feed used in 
Experi.Iren t 6 
Dry matter (%) 
Digestible energy (MJ/kg DM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg DM) 
Calcium (g/kg DM) 
Phosphorous (g/kg DM) 
Magnesitun (g/kg DM) 
Sodium (g/kg DM) 
Potassitun (g/kg DM) 
Chloride (g/kg DM) 
85.2 
15.4 
20.8 
29.0 
129 
25.0 
71.0 
15.0 
10.3 
1.5 
2.6 
5.5 
3.1 
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The pigs were fed individually in troughs a ration based on a metabolic 
weight scale of 110 g/kg w0· 75 twice per day. The feed was fornrulated frcrn 
wheat, barley and soya to meet A.R.C. (1981) nutrient requirements for 
growing pigs. Proximate and mineral analyses of the feed is given in 
Table 10.1. The daily meal allowance was mixed with an equivalent weight 
of water inmediately before feeding. This was necessary in order for the 
pigs to consume all of their ration. 
The terrq:>erature of the test house was recorded using two previously 
calibrated Thermographs positioned as close to the pigs as possible 
whilst remaining out of their reach. 
Experimental procedures 
The pigs were weighed at the start of the experiment and then every week 
in order to determine their ration allowance. 
Water use was recorded daily at 0845 hrs. The pigs were fed at 0830 hrs 
and 1600 hrs, recording the arro1.mt of feed given. The pigs were all owed 
30 minutes to eat their allocated ration after which the rejected feed 
was rEmJVed frcrn the troughs and weighed. A small sample of the rejected 
feed was kept, weighed, oven dried at 100"C for 24 hrs and weighed again 
to determine the 1.mconsumed fractions of meal and water. 
Results 
The health of all the experimental animals was good, with no deaths nor 
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incidence of scour. There were no feed refusals during the trial period. 
Mean daily temperature increased from 14.0"C at the start of the trial 
to 17.6"C at the finish. This was due to the seasonal increase in 
external environrrental temperature and the inability of the house 
ventilation system to rraintain low temperatures in hotter weather. 
Pig perfomance and water use data is presented in Table 10. 2. Analysis 
of variance showed that neither drinker type nor water delivery rate had 
a significant effect on feed intake, daily live weight gain or feed 
conversion ratio (P>O.OS). 
There was no significant difference in voluntary water use at the 1 ower 
delivery rate between the two drinker types nor was there a significant 
difference between the Arato drinker at the high delivery rate and the 
Mono-flo drinker at the lower delivery rate (P>O.OS). However voluntary 
water use was significantly different for the Arato drinker type between 
the two water delivery rates (P<0.01). The Mono-flo drinker employed at 
the higher water delivery rate dispensed significantly more water than 
any of the other three treatment combinations (P<0.01). 
Treatment differences in total water use mirror those of voluntary water 
use as there was no significant difference in feed intake (water with the 
feed was given in a ratio of 1:1). 
Factorial analysis of the voluntary water use data showed that both 
drinker type and water delivery rate were significant factors affecting 
water use. Water delivery rate had a more significant effect (P<0.001) 
than drinker type (P<0.01). The interaction between drinker type and 
water delivery rate was not significant (P>O.OS). 
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Table 10.2 Water use, feed intake and performance of growing pigs 
offered water from Mono-flo and Arato 80 drinkers a 300 
and 900 01f /min. 
Drinker type Arato Monoflo Arato Monoflo 
Water deJivery 300 300 900 900 S.E.0 p 
rate (an /min) 
Vol tmtary water 2.25a 2.68ab 2. 97b 4.00c 0.24 0.002 
use (litres/pig/day) 
Mean live weight 0.802 0.806 0.794 0.812 0.06 N.S. 
gain (kg/day) 
Mean F.C.R. 2.43 2.38 2.39 2.36 0.08 N.S. 
Mean feed intake 1. 92 1. 91 1.91 1. 91 0.1 N.S. 
(kg/pig/day) 
Total water 4.1si 4.5gab 4.8sh 5. 91c 0.23 0.002 
use (litres/pig/day) 
Mean weight 45.2 45.0 45.0 44.9 0.28 N.S. 
(kg) 
a,b,c means bearing the same superscript are not significantly 
different. 
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A detailed analysis was undertaken for each treatment consisting of 
linear regression and curvilinear quadratic regression of voluntary water 
use against live weight and with the additional parameter of house 
temperature. Daily voluntary water use was averaged for each week for 
regression against rrean weekly live weight. The following equations were 
produced: 
1 Arato 80, 300 aJ;rrdn 
(a) Y = 0.575 + 0.0372 Xl 
(b) y = -2.27 + 0.167 Xl - 0.00137 Xl2 
(c) Y = -2.04 + 0.172 Xl - 0.00140 Xl2 
- 0.023 X2 
2 Mono-flo, 300 aJ;rrdn 
(a) Y = 1.07 + 0.0358 Xl 
(b) y = -1.75 + 0.168 Xl- 0.00144 Xl2 
(c) Y = -4.57 + 0.124 Xl - 0.001200 Xl2 
+ 0.271 X2 
3 Arato 80, 900 aJ;rrdn 
(a) Y = 1.24 + 0.0384 Xl 
(b) y = -2.13 + 0.195 Xl - 0.00169 Xl2 
(c) Y = -3.34 + 0.173 Xl - 0.00156 Xl2 
+ 0.123 X2 
4 Mono-flo, 900 cm3/rrdn 
(a) Y = 0.073 + 0.0877 Xl 
(b) y = -2.89 + 0.228 Xl - 0.00152 Xli 
(c) Y = -9.16 + 0.126 Xl - 0.00101 Xl 
- 0. 610 X2 
rt = 75.2% 
it = 90.3% 
rt = 87.9% 
rt = 67.3% 
rt = 80.9% 
rt = 78.9% 
rt = 57.7% 
rt = 69.6% 
rt = 62.4% 
rt = 90.7% it = 93.5% 
rt = 95.2% 
Where Y = voluntary water use(litres/pig/day) 
Xl = body live weight (kg) 
X2 = T~erature ("C) 
(P=0.03} 
(P=0.01) 
(P=0.09} 
(P=0.008) 
(P=0.007) 
(P=0.026) 
(P=0.018) 
(P=0.022) 
(P=0.08} 
(P=O.OOO) 
(P=O.OOO) 
(P=0.001) 
It can be seen fran the regression analysis that the curvilinear 
quadratic regression lines in all four treatments account for a greater 
proportion of the measured variation, that is the coefficients of 
variation are greater in the case of the quadratic regression. The 
curvilinear relationship between rrean daily voluntary water use and rrean 
live weight at both the high and low water delivery rates for the Arato 
80 drinker is i 11 ustrated in Figure 10 .1 and for the Mono-fl o drinker in 
Figure 10.2. Analysis of variance of the regression lines of water use 
against by weight proved them all to be significant representations of 
the data, same being more significant than others. 
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Figure 10.1 The relationship between mean daily water use and mean 
live weigpt for the Arato 80 drinker at operating 300 
and 900an /min. 
VOLUNTARY DAILY 
WATER USE 
(limES PER PIG) 
6.0 
5.5 
5.0 
4.5 
4.0 
3.5 
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2.0 
1.5 
~ .····· · · ·· ···~······· ... 
~ 
+ 
25 30 35 40 45 50 55 60 65 70 
UVEWEIGHT (KG) 
(--) Regression line for 300 aJ /min _ _, 
Y = -2.27 + 0.167 X- 0.001377 A 
( ..... ) Regression line for 900 an3 /min _ _, 
Y = - 2.13 + 0.195 X - 0.00169 A 
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Where Y = water use 
(litres/pig/day) 
X = body weight 
(kg) 
Figure 10. 2 The relationship between rrean daily water use and rrean 
live weigpt for the Mono flo drinker operating at 300 
and 900cm /min. 
VOLUNTARY DAILY 
WATER USE 
(liTRES PER PIG) 
6.0 
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+ 
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(--) Regression line for 300 aJ !miz:_, 
Y = -1.75 + 0 . 168 X- 0.00144 A 
( . .. . . ) Regression line for 900 cm3!miz:_, 
Y = -2.89 + 0.228 X- 0.00152 A 
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Where Y = water use 
(litres/pig/day) 
X = body weight 
(kg) 
According to the fitted equations for the Arato 80 drinker, the point of 
maximum average daily vol\mtary water use (when dY/dX=O), was reached at 
60.6 and 57.7 kg live weight respectively for delivery rates of 300 and 
900 an3/min respectively. For the Mono-flo drinker, the points of maximum 
average daily voluntary water use was reached at 58.3 and 75.0 kg live 
weight respectively for the delivery rates of 300 and 900 cm3/min. 
When the effect of temperature was also included in the regression 
analysis the coefficients of variation were only fractionally increased 
and analysis of variance of the regression lines showed the lines to be 
a less significant representation of the data. The analysis showed that 
temperature per se did not have a significant effect on the vel untary 
water use of the pigs, although the trend would seem to be that more 
water was used at higher temperatures. This is in agreement with the 
trends found in experiments 4 and 5. 
A temperature variation of only 3.5 ·c, is not really sufficient to 
produce conclusive predictive equations for the effects of temperature 
on voluntary water use. 
As one of the main objectives of this study is to be able to predict 
total water use of pigs, a further regression analysis was undertaken 
investigating the relationship between live weight and total water use 
for the four treatrrents. The results are presented below: 
1 Arato 80, 300 aJ/min 
(a) Y = 1.07 + 0.0686 Xl 
(b) y = -2.32 + 0.~24 Xl - 0.00163 Xl2 
2 Mono-flo, 300 arr/min 
(a) Y = 1.55 + 0.0675 Xl 
(b) y = -1.46 + 0.~10 Xl - 0.00154 Xl2 
3 Arato 80' 900 err /min 
(a) Y = 1.70 + 0.0707 Xl 
(b) y = -1.99 + 0.243 Xl - 0.00185 Xl2 
156 
r( = 89.1% 
r( = 96.6% 
r( = 87.3% 
il- = 92.8% 
r( = 81.6% 
il- = 87.4% 
{p=O.OOO) 
(P=O.OOO) 
(P=O.OOO) 
(P=0.001) 
(P=0.001) 
(P=0.002) 
4 Mano-flo, 900 cm3/rrdn 
(a) Y = 0.499 + 0.121 Xl 
(b) y = -2.63 + 0,268 Xl - 0.00160 Xl2 
Where Y = total water use (litres/pig/day) 
Xl = body live weight (kg) 
Ft = 94.5% 
il- = 96.3% 
(P=O.OOO) 
(P=O.OOO) 
The analyses of regression showed that quadratic equations produced 
better fits than linear equations between live weight and total water use 
for all four treatrrents (higher coefficients of deterrrdnation). Analysis 
of variance of all the regression lines showed them all to be highly 
significant representations of the data (P<0.002). 
Discussion 
The above results indicate that it is inappropriate to CO!li>are vel untary 
water use from drinkers of different design without reference to the rate 
at which they deliver water. It is clear from this experiment that both 
drinker type and delivery rate have a significant effect on water use. 
As pig performance for all four treatrrents was sirrdlar, differences in 
voluntary water use may be attributable to increased wastage. This 
wastage was increased at the higher delivery rates where the type of 
drinker also became more i!li>ortant. Gill, (1989), suggested that the 
difference he observed in voluntary water use was due only to the 
difference in drinker type, however this experiment has shown that both 
drinker type and more i!li>ortantly delivery rate have a significant 
effect. 
From the regression equations produced by Gill, (1989) it is possible to 
calculate total daily water use at a live weight of 45 kg in order to 
make a CO!li>arison with the results of this experiment (mean weight in 
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this experiment was 45 kg, see Table 10.2). At a live weight of 45 kg, 
Gill's regression equations predict total daily water use to be 6.23 
litres/pig for the Mono-flo drinker and 4.17 litres/pig for the Arato 80 
drinker compared with 4.87 and 6.19 litres/pig for theMono-flo drinker 
at 300 and 900 an3/min respectively, and 4.45 and 5.19 litres/pig for the 
Arato 80 at 300 and 900 cm3/min respectively. Figure 10.3 compares the 
quadratic regression lines obtained in this experiment for the Arato 80 
with the 1 ine produced from Gill 's work. Figure 10 .4 compares the 
quadratic regre5sion lines obtained in this experiment for the Mono-flo 
drinker with the line produced from Gill's work. 
It is difficult to make a ccrrq;>arison of this nature when there is no 
reference water delivery rate to compare against. However it could be 
deduced that the water delivery rates used by Gill lie somewhere between 
the two delivery rates used in this experiment. More precise! y, the 
delivery rate of the Mono-flo would be close to 900 cm3/min and that of 
the Arato, lies somewhere between 300 an 900 an3/min. This deduction 
would suggest that the delivery rates used by Gill for the different 
drinker types were not similar and the difference in delivery rate 
between them may have contributed to the observed difference in water 
use. This deduction is only valid providing all other factors which are 
!mown to effect water use are the same in both experiments, such as diet 
and environmental t~erature. The diets are similar both in their 
proximate and mineral analysis, and the house t~eratures are unlikely 
to have been sufficiently different to produce a significant effect. 
An irrportant conclusion that must be drawn from this data is that tank 
systems of water metering are clearly an unsatisfactory means of 
measuring water use. As the level of water in the tank falls, the water 
delivery rate will decrease. The data reported here show that this in 
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Figure 10.3 A comparison between the regression lires obtained for 
the Arato 80 drinker at 300 and 900 cm /min with the line 
produced by Gill, (1989). 
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( ... . . ) Regression line produced by Gill,(1989) 
(--) Regression lines for 300 and 900 an3 /min 
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Figure 10. 4 A carparison between the regression 1 ires obtained for 
the Mono-flo drinker at 300 and 900 am/rrdn with the line 
produced by Gill,(1989). 
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turn will create variations in the water use of the experimental anirrals. 
Having completed this experiment with different water delivery rates an 
additional parameter for investigating water use and the drinking 
behaviour of pigs was introduced. This was 'apparent tirre spent 
drinking'. This was calculated by dividing the rreasured water use 
(litres) by the !mown water delivery rate (litres/min). It ~ ·.· referred 
to as 'apparent' because what is actually calculated is the am::n.m.t of 
tirre the valve in the drinker is fully open. I.t does not take into 
account the opening and closing of the valve nor does it differentiate 
between drinking or playing activity. It is an interesting concept as it 
provides an estirrate of the length of tirre an anirral is prepared to spend 
in drinking behaviour and the ease by which that animal obtains water. 
The data in Table 10.3 shows that at the higher water delivery rates 
significantly less tirre was spent drinking fran both drinker types, 
(P<0.001). The data in Table 10.2 showed that there was no significant 
difference in voluntary water use at 300 an3 /min for the two drinker 
types, however the data in Table 10.3 shows that there was a significant 
difference in the amount of tirre the pigs spent drinking, ( P<O. 01) . 
Similarly Table 10.2 shows that there was a significant difference in 
voluntary water use between the two drinkers at 900 an3/min (P<0.01), 
whereas Table 10.3 shows that there was no significant difference in the 
time the animals spent drinking. 
As pig performance was unaffected by water delivery rate, it is assumed 
that the reduced voluntary water use at the lower delivery rate was 
attributable to less waste water. This outcome is supported by the report 
of Olsson, {1983). The experiment has shown that decreasing the water 
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Table 10.3 Apparent time spent drinking fo all four treatments. 
Drinker type Arato Mono-flo Arato Mono-flo 
Water depvery 300 300 900 900 S.E. 0 p 
rate (cm /min) 
Mean daily time 
45la 536b spent drinking l98c 267c 29 0.001 
(s) 
Means bearing the same superscript are not significantly different 
(P>O.OS). 
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delivery rate increases the am>1.mt of time the anirral spends drinking and 
decreases the amoqnt of vol1.mtary water use, without having any apparent 
detrimental effects on the pigs. It is evident that the pigs had adapted 
to a certain extent to the lower delivery rates by spending a greater 
am>l.mt of time drinking. This is supported by Nienaber et al., (1984). The 
concept of time spent drinking wi 11 be further investigated in Experiment 
8. It does however raise another question, namely what is the limit to 
the pigs willingness to catpenSate for reduced delivery rate by increased 
drinking activity? 
It nrust be noted that these findings are relevant to the circumstances 
1.mder which the experiment was performed and rray not apply to the 
ccmrercial situation where carpeti tion for drinkers and drinking time is 
increased (in ccmrercial 1mi ts there rray be as rrany as 20 pigs per 
drinker carpared to the 8 pigs per drinker as in this eXperiment) . It is 
well reported that social facilitation is cCJTIOOn in the drinking and 
feeding behaviours of pigs, (Hsia and Woodgush, 1984}. In a commercial 
lmit where the numbers of drinkers are restricted, sare pigs rray have to 
delay drinking for a period of time post feeding, the effects of which 
are not !mown. There rray be a good case for placing 100re drinkers in a 
pen to allow more of the group of pigs to drink at any one time. 
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Experiment 7: The effects of drinker nunber and water delivery 
rate on the water use of growing pigs fed on a scale 
based on metabolic body weight. 
Introduction 
In Experiment 6 it was shown that water delivery rate significantly 
affected the water use of growing pigs. It was thought that the number 
of drinkers per pen of pigs might affect water use and perfornance. 
The aim of this study was to examine the effects on water use brought 
about by variation of delivery rate and the number of drinkers per 
pen. 
Materials and methods 
Experimental design and treatments 
The water use and perfornance of growing pigs supplied with water from 
either one Arato 80 or two Arato 80 drinkers at water delivery rates 
of either 300 aJ /min or 900 aJ /min was investigated. The four 
treatments were therefore as follows: 
1 One drinker, 300 an3 /min 
2 Two drinkers, 300 an3/min 
3 One drinker, 900 aJ /min 
4 Two drinkers, 900 aJ /min 
A diagram of the type of drinker used is given in Figure 1.3. The 
treatments were replicated through four pens and in time according to 
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were randanly assigned to a treatment pen and renained in that treatment 
pen throughout the trial period. The four groups of anirrals were rotated 
arotmd the pens every 10 days according to the design so that at the end 
of the experiment each group of anirrals would have spent 10 days on each 
treatment. 
Aninals and housing 
The pigs were individually weighed at the start of the trial and ear 
tagged for identification purposes. Four groups of Large White X (Large 
White X Landrace) pigs consisting of four gilts and four boars (initial 
mean welght 32.0 ± 2. 2 kg) were assigned to the four treatment pens, 
balancing groups according to weight, in a perforrrance test house. The 
pigs were housed in the test house for four days prior to the start of 
the trial in order to accustom them to the environment and the feeding 
regime. 
Water was available ad libitum to each pen fran one or two treatment 
drinkers (according to treatment), rrotmted on variable height 
brackets. The height was initially set at 0.5 m frarn the grotmd as 
specified by the manufacturer, drinker height being increased by an equal 
arootmt in each pen to rraintain the 
recarrrended drinking attitude as the pigs grew. The drinkers were aligned 
at a 1s·c decline fram the grotmd. 
Different water delivery rates in the drinkers were achieved by varying 
the internally fitted plastic restricter apertures in the 
drinkers. The del1 very rates selected were checked weekly and rerrained 
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within 5% of the naninal values. The water was supplied fran the rrains 
supply, via an ariti-siphon back device and metered through previously 
calibrated Kent PSM-L water meters. The pressure head of water was 
maintained at 10 m by the use of a pressure regulator. 
The pigs were fed individually in troughs twice per day on a scale based 
on metabolic weight of 100 g/kg w0· 75 . The feed was fornrulated fran wheat, 
barley and soya to meet A.R.C. (1981) nutrient requirements for growing 
pigs. Proximate and mineral analysis of the feed is given in Table 11.1. 
The daily meal allowance was mixed with an equivalent weight of water 
immediately before feeding. This was necessary in order for the pigs to 
consume all of their ration. 
The terperature of the test house was recorded using two previously 
calibrated Therrnographs positioned as close to the pigs as possible 
whilst remaining out of their reach. 
Experimental procedures 
The pigs were weighed at the start of the experiment and then every five 
days in order to determine their ration allowance. 
Water use was recorded daily at 0845 hrs. The pigs were fed at 0830 hrs 
and 1600 hrs, recording the amount of feed given. The pigs were allowed 
30 minutes to eat their allocated ration after which the rejected feed 
was resroved fran the troughs and weighed. A small sarcple of the rejected 
feed was kept, weighed, oven dried at 1oo·c for 24 hrs 
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Table 11.1 Proxirrate and mineral analyses of the feed used in 
Experirrent 7 
Dry matter (%) 
Digestible energy (MJ/kg DM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg DM) 
Calcium (g/kg DM) 
Phosphorous (g/kg DM) 
Magnesium ( g/kg DM) 
Sodium (g/kg DM) 
Potassium (g/kg DM) 
Chloride (g/kg DM) 
86.4 
14.5 
21.0 
41.0 
140 
32.0 
96.0 
16.2 
7.2 
2.2 
2.2 
8.3 
2.9 
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and weighed again to determine the unconstU'fled. fractions of meal and 
water. 
Results 
The health of all the experi.Irental aninal s was good, with no deaths nor 
incidence of scour. There were few feed refusals during the trial period. 
The mean daily temperature varied from 15.1"C to 19.7"C throughout the 
trial period. The lower temperatures were recorded during the first half 
of the trial. Mean daily temperature of the five day periods is presented 
in Figure 11.1 
Pig perfornance and water use data is presented in Table 11.2. Analysis 
of variance showed that neither drinker number nor water delivery rate 
had a significant effect on feed intake, daily liveweight gain or feed 
conversion ratio (P>O.OS). 
There was no significant difference in voltmtary water use at the lower 
delivery rate between one or two drinkers nor was there a significant 
difference between them at the high delivery rate. 
However for both drinker canbinations significantly toore water was used 
at 900 aJ /min than at 300 aJ /min (P<O. 001). 
Treatment differences in total water use reflect those of voluntary water 
use as there was no significant difference in feed intake (water with the 
feed was given in a ratio of 1:1). 
Factorial analysis of the voluntary water use data showed that only water 
delivery rate was a significant factor in determining the amount 
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Figure 11.1 The variation in mean house temperature between the 
eight five day periods. 
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Table 11 . 2 Water use , feed intake and performance of growing pigs 
offered water frevt one or two Arato 80 drinkers 
at 300 and 900 cnf /min. 
Drinker number 1 2 1 2 
Water deJivery 300 300 900 900 S.E.0 p 
rate (cm /min) 
Voluntary water 2 .01a 1.69a 3.62b 3. 95b 0.18 0.001 
use (litres/pig/day) 
Mean live weight 0.724 0.696 0.701 0.695 55.8 N.S. 
gain (kg/day) 
Mean F.C.R. 2 .33 2 .40 2.40 2 .42 0.08 N.S. 
Mean feed intake 1. 69 1. 67 1. 68 1. 68 0 .10 N.S. 
(kg/pig/day) 
Total water 3 . -r 3 .3~ 5.3d 5 . 6t 0.18 0.001 
use (litres/pig/day) 
Mean weight 45 .34 45.4 45.4 45.34 0.13 N.S. 
(kg) 
Apparent time spent 40if 34d 240c 266' 22 . 3 0.01 
drinking (S/pig/day) 
a,b,c means bearing the same superscript are not significantly 
different (P>0.05). 
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of water used. The number of drinkers supplying the water was not a 
significant factor nor was the interaction between the two factors. 
Table 11.2 shows that there was a significant difference between the 
two delivery rates in the apparent time spent drinking ( P<O. 01) . At 
the lower water delivery rate the pigs spent significantly less time 
drinking with two drinkers in the pen ccrrpared to one (P<O.Ol). There 
was no significant difference in apparent time spent drinking between 
one and two drinkers at the higher delivery rate. 
Factorial analysis of the time spent drinking showed that water 
delivery rate was a significant factor ( P<O. 001) . Drinker number was 
not significant in affecting the apparent time spent drinking 
(P>O.OS). The interaction between the two factors however was found to 
be significant (P<O.OS). 
A detailed regression analysis was undertaken for each treatment. This 
consisted of linear and curvilinear quadratic regression of both mean 
daily voluntary water use and mean daily total water use against mean 
weight. Daily voluntary and total water use figures were averaged for 
each five day period for regression against the mean weight for the 
same period. The results of this analysis are given in Table 11.3. 
For all four treatments, the respective equations describing total 
water use were more significant representations of the data than those 
describing voluntary water use. This was reflected in the increase in 
the values of the coefficient of detetmination. For the low water 
delivery rate treatments the equations produced fran linear regression 
were more representative of the data than those fran the quadratic 
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Table 11.3 Regressicn of av~e vohmtarY water use and total average daily water use against 
average weiaht of_ growi..nq _pigs provided wi. th" water fran cne or to water delivery 
rates at eifher 300 or 900 an3/min. 
Treatment Regressicn equaticn 
R2 standard deviaticn of: p intercept bl b2 
300 an3/mi.n Y1 = -1.30 + 0.0731X 0.003 75.5% 0.707 0.015 
1 drinker Y1 = -2.93 + 0 . 1470X- 0.00082X2 0 .019 71.2\ 5.06 0.229 0.0025 
Y2 = -1.06 + 0.10SOX 0.001 86 . 9\ 0.698 0.015 
Y2 = -3.71 + 0.22SOX- 0 .0013~ 0.004 85.2\ 4 . 91 0.222 0.0024 
300 an3/mi.n Y1 = -0.525 + 0.0488X 0.001 83.6\ 0.372 0.008 
2 drinkers Y1 = -1.670 + o.101ox - o.ooo58x2 0.006 81.4% 2.26 0.102 0.0011 
Y2 = -0.343 + 0.0810X 0.001 92.5\ 0 . 402 0.009 
Y2 = -2.300 + 0.1710X - 0.00098x2 0.001 92.1\ 2.35 0.106 0.0012 
900 an3/mi.n Y1 = 0.94 + 0.059X 2 0.097 29.1% 1.383 0.029 
1 drinker Y1 = -19.7 + 0.976X- 0.00987X 0.005 83.6% 4.56 0.201 0.0022 
Y2 = 1.27 + 0.0889X 0.025 52.6\ 1.385 0.030 
Y2 = -19.4 + 1.01X - 0.00988X2 0 .002 89 .0\ 4.563 0.201 0.0022 
900 an3/rnin Y1 = -1.81 + 0.127X 0.006 70.3% 1.395 0 .030 
2 drinkers Y1 = -20.2 + 0.948X - 0.00898x2 0.001 91.6% 4.626 0.204 0.0022 
Y2 = -1.50 + 0.157X 0.002 78.1% 1.419 0.031 
Y2 = -20.6 + 1.01X - 0.0092X2 0.001 94.5% 4 . 456 0.197 0.0021 
Where Y1 = Vohmt:i{ water use (litres/~g)day) 
Y2 = Total wa er use (litres/pig/ y 
X = Liveweight (kg) 
regression. This was shown by the higher coefficients of deternri.nation 
and the higher levels of siglrificance. In contrast for the high delivery 
rate treatments curvilinear regression produced lines which fitted the 
data to a roore significant extent in ccrrparison with equations of linear 
regression. The relationships between rrean total daily water intake and 
mean liveweight for one drinker operating at 300 and 900 cm3/min and two 
drinkers operating at the sarre delivery rates are illustrated in Figures 
11.2 and 11.3 respectively. The regression equations giving the best fit 
to each set of data have been used. 
For CCJti>l eteness a multiple regression was tmdertaken for each treatment 
of total water use against liveweight and tE!TQ?erature. 
The results of this analysis are given in Table 11.4. _For all treatments · 
except for 900 cm3 /min with two drinkers the introduction of tE!TQ?erature 
into the regression decreased both the coefficient of deternri.nation and 
the level of significance of the line. However for the higher flow rate 
and two drinkers the coefficient of determination was increased when 
tE!TQ?erature was included in the regression. It nrust be noted that this 
experiment was not conducted with the aim of evaluating the effects of 
temperature on water use and therefore a variation of only 4.6'C is not 
really sufficient to produce predictive equations for the effects of 
temperature on water use. 
Discussion 
To summarise: water use was once again significantly affected by water 
delivery rate supporting the results of Experiment 6. The number of 
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Figure 11. 2 The relationship between mean total daily water use and 
mean jive weight for one drinker operating at 300 and 
900an /min. 
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Where Y = water use 
(litres/pig/day) 
X = body weight 
(kg) 
Figure 11.3 The relationship between mean total daily water use and 
mean Jive weight for two drinkers operating at 300 and 
900cm/min . 
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Where Y = water use 
(litres/pig/day) 
X = body weight 
(kg) 
..... 
...:I 
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Table 11.4 R~icn of average volun~ water use and total average daily water use against 
mean house tE!IJI)erature and the average ~ of gr~ ~ :provided with water 
fran cme or to water delivery rates at ei . 300 or /rro:n.. 
Treatment Regressicn equaticn 
p 
300 an3/min Y1 = -5.88 - 0.188Xl 
1 drinker + 0.379X2 - 0.0032X22 0.065 
Y2 = -7.35- 0.231Xl 
+ 0.534X2 - 0.0048X22 0.017 
300 an3/rni.n Y1 = -0.60 + 0.111Xl 
2 drinkers - 0.019X2 - 0.00055X22 0.029 
Y2 = -1.88 + 0.044Xl 
+ 0.123X2 -0.00053X22 0.006 
900 an3/rni.n Y1 = -21.6 - 0.101Xl 
1 drinker + 1.13X2 - 0.0113X22 0.023 
Y2 = -21.4 - 0.105Xl 2 
+ 1.16X2 - 0.0114X2 0.011 
900 an3/rnin Y1 = -9.57 + 0.548Xl 
2 drinkers + 0.137X2 - 0.00118X22 0 . 001 
Y2 = -10.4 + 0.524Xl 2 
+ 0232X2 - 0.00183X2 0.001 
Where Y1 = Vohmtary water use (litres/pig/ day) 
Y2 = Total water use (litr~/pig/day) 
Xl = T~rature (d~rees C) 
X2 = Liveweight (kg) 
R2 standard deviation of: intercept bl b2 
66.3% 7.956 0.548 0.005 
83.3% 7.562 0.521 0.005 
77.7% 3.601 0.313 0.003 
90.2% 3.806 0.331 0.003 
80.1% 7.517 0.484 0.005 
86.7% 7.514 0.484 0.005 
96.2% 5.098 0.336 0 .003 
97.4% 4.984 0.329 0.003 
b3 
0.366 
0 .348 
0.269 
0.248 
0 .289 
0 . 289 
0.207 
0 .203 
drinkers per pen had no significant effect on water use. 
At the lower delivery rate, the mean water use was slightly greater with 
one drinker per pen than two, an outccrre which is similar to reported 
results fran Silronsson et a1.,(1977) cited by Olsson, (1983), who 
suggested that this surprising difference was probably due to less 
CQ1i>eti tion in the case of the pen with two drinkers. In contrast at the 
higher delivery rate slightly more water was used with two drinkers per 
pen rather than one probably as a result of increased wastage. 
It is evident that the pigs had adapted to a certain extent to the lower 
flow rates by spending a greater amotmt of time drinking. This is in 
agreerent with Nienaber et al., (1984), who showed that as water flow rate 
increased the time spent drinking decreased. As there was no difference 
in water use between one and two drinkers at the different water delivery 
rates, it is possible to canbine the data. When this was done total water 
use at 900 aJ /min was greater on average by a factor of 1. 53 than that 
at 300 cm3/min. As water utilisation was rrai.ntained at a greater rate, and 
perforrrance was tmaffected it is suggested that there was an increase in 
wastage rather than consmrption. This outccrre is supported by the report 
of Olsson,(1983). 
If we consider only the one drinker treatments, total water use at the 
higher delivery rate was 1.43 times higher than the lower delivery rate. 
This figure is greater than the value of 1.17 times calculated for the 
Arato 80 drinker at the sarre delivery rates fran Experiment 6. Cclll>aring 
Experiments 6 and 7, more water was used in Experiment 6 at 300 aJ /min 
and less water was used at 900 aJ /min ac~otmting for the difference in 
the high to low delivery rate water use ratio. 
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To deterrrdne why this ratio is significantly different, the individual 
regression lines at the two delivery rates for both experiments have been 
tested for significant differences. 
For 300 cm3/ndn: 
Experiment 6: Y = 1.07 + 0.0686 X 
Experiment 7: Y = -1.06 + 0.105 X 
t-ratio intercept = -3.05 P<0.05 
t-ratio gradient = 2.42 P>0.05 
For 900 cm3/ndn: 
Experiment 6: Y = 1.7 + 0.0707 X 
Experiment 7: Y = 1.27 + 0.0889 X 
t-ratio intercept = -0.31 P>0.05 
t-ratio gradient = 0.6 P>0.05 
Where Y = total water use 
(litres/pig/day) 
X = liveWeight (kg) 
Figure 11. 4 carpares the linear regression lines of total water use 
against liveweight for equations developed fran Experiments 6 and 7 at 
300 c:nf /ndn. The gradients of the linear· regression lines. are not 
significantly different, however the intercepts are significantly 
different (P<O .05). This rreans that the rate of increase in total water 
use with increasing body liveweight is not significantly different but 
the absolute volumes are significantly different. 
Figure 11.5 carpares the linear regression lines of total water use 
against liveweight for equations developed fran the two experiments at 
the higher water delivery rate of 900 cm3/ndn. Neither the intercepts nor 
the gradients of the lines are significantly different. Therefore the 
difference in the high to low delivery rate water use ratio described 
above is due mrinly to the differences in total water use at the low 
water delivery rate. 
The differences observed between the two experiments, in particular the 
significant differences at the lower delivery rate may be due to 
178 
Figure 11.4 A ccrrparison between the linear regression lines of total 
water us~ against live weight obtained for the Arato 80 
at 300 an /rni.n fran Experiment 6 3and the same frc:rn Experiment 7 (one drinker 300 an /min). 
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( .... . ) Y = 1.07 + 0.0686 X 
Regression 1 ine produced frc:rn Experiment 6 . 
(--) Y = - 1.06 + 0.105 X 
Regression line produced frc:rn Experi.rrent 7 . 
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Figure 11.5 A cc:rrparison between the linear regression lines of total 
water us') against live weight obtained for the Arato 80 
at 900 cm /rnin fran Experiment 6 3and the same fran Experiment 7 (one drinker 300 cm /rnin). 
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several factors: 
(1) Significantly roore water was used at 300 aJ /min in Experirrent 6 
than in Experiment 7. This may be directly related to the fact that 
the animals in Experiment 6 were on a higher plane of nutrition, (110 
g/kg WJ· 75 carpared with 100 g/kg WJ· 75 ) and would therefore invohmtarily 
use roore water. It is thought that water intake .for roost rnamna.ls is 
directly correlated to food intake (Anand,1961) and therefore 
vol tmtary water use would be expected to increase as a result. At the 
higher delivery rate the effect of these factors may be masked by the 
considerable increase in water use thought to be due mainly to 
wastage. 
The different feed scales used in the two experiments makes the 
carparison difficult. However if voltmtary water use to feed intake 
ratios of both experiments are calculated at 300 aJ /min t~y are found 
to be similar; Experiment 6, 1.17:1 and Experiment 7, 1.18:1. Until 
now the ratio of voltmtary or total water use to feed ratios have not 
been used because it does not nornally accotmt for differences in 
wastage due to drinker design or water delivery rate. However when 
carparing figures collected tmder similar conditions at precisely the 
same delivery rate it is valid to compare the ratio. The use of feed 
intake as a predictor is investigated at the end of this research 
progranme. 
( 2) The regression line obtained frcm the data in Experiment 6 was 
fran a greater weight range of pigs than in Experiment 7 (25-70 kg 
carpared with 30-60 kg). This may have caused srrall differences in the 
regression lines obtained. 
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(3) The Irean terrperature during Experim:mt 6 was 15.9"C cc.mpared with 
17 . 8 • C during Experiment 7. This rray have accounted for greater total 
water use at the higher delivery rate in Experiment 6. 
The cc.mparisan of Experiments 6 and 7, has shown the problems which 
rray occur when one report is cc.mpared direct 1 y with another. The above 
experirrents were undertaken in the sarre perforrrance test house under 
similar conditions and srrall differences still occurred. Whether these 
differences were due to biological variation or to the reasons 
outlined above is unknown. Therefore there seems little point at this 
stage in rraking direct cc.mparisons of these results with those of 
other authors as rrany of the reference figures such as terrperature and 
water delivery rate needed to make such a comparison are often ondtted 
or ignored. 
Having established the significance of water delivery rate as a 
pararreter affecting water use, the subsequent research prograrrme 
focused an examining the effects of water delivery rate an water use 
and pig perforrrance over a greater range of delivery rates for both ad 
libi turn and ration fed growing pigs. 
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Experiment 8: A carparisan of water use between four water 
delivery rates by grOiofing pigs fed ad libit1.111. 
Introduction 
Experirrents 6 and 7 showed that reducing the water delivery rate fran 
900 to 300 c:m3 /min resulted in a reduction in voluntary water use 
without having any detrirrental effects on perforrrance. Experirrents 6 
and 7 considered only two water delivery rates. The aim of this 
experirrent was to investigate the water use of ad libitum fed pigs 
over a greater range of water delivery rates with the aim of being 
able to relate water use to oelivery rate. 
Materials and methods 
Experimental design and treatments 
The water use and performance of growing pigs supplied with water from 
single Arato 80 drinkers at four water delivery rates was 
investigated. The four water delivery treatments were as follows: 
1 200 c:m3 /min 
2 400 c:m3 /min 
3 700 c:m3 /min 
4 1100 c:m3 /min 
A diagram of the Arato 80 drinker used is given in the Figure 1 . 3. 
The treatments were replicated through four groups of an:irrals, four 
pens and in time according to a 4 X 4 Graeco Latin Square design. 
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Every ten days the four groups of anirrals and the four treatment 
delivery rates were rotated armmd the four pens according to the 
design so that at the end of the experiment each group of anirrals and 
each treatment would have spent one ten day period in each pen. This 
design of experiment differs fran the standard Latin Square in that 
the contribution to error rrade by both the pen effect and the anirral 
group effect are reduced. In the standard Latin Square design only one 
of the above effects can be reduced in the analysis. 
Ani.nals and housing 
The pigs were individually weighed at the start of the trial and ear 
tagged for identification purposes. Four groups of Large White X 
(Large White X Landrace) pigs consisting of four gilts and four boars 
(initial mean weight 28.0 ± 1.1 kg) were assigned to the four 
treatment pens, balancing groups according to weight, in a perforrrance 
test house. The pigs were housed in the test house for four days 
prior to the start of the trial in order to accustan them to the 
envirorunent and the feeding regime. 
Water was available ad libitt.m to each pen fran a single drinker, 
m:nmted on variable height brackets. The height was initially set at 
0.5 m fran the ground as specified by the rranufacturer, drinker height 
being increased by an equal arro1.mt in each pen to rraintain the 
reccmne:nded drinking attitude as the pigs grew. The drinkers were 
aligned at a 1s· decline fran the ground. 
The different water delivery rates supplied by the drinkers were 
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Table 12.1 Proxirrate and mineral analyses of the feed used in 
Experiment 8 
Dry natter (%) 
Digestible energy (MJ/kg DM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg DM) 
calcium (g/kg DM) 
Phosphorous (g/kg DM) 
Magnesium (g/kg DM) 
Sodium (g/kg DM) 
Potassium ( g/kg DM) 
Chloride (g/kg DM) 
85.2 
14.8 
21.8 
35.0 
130 
38.0 
92.0 
20.2 
7.2 
1.9 
2.2 
8.3 
2.9 
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achieved by varying the internally fitted plastic restricter apertures 
in the drinkers. 'The delivery rates selected were checked weekly and 
rerrained within 5\ of the nani.nal values. The water was supplied fran the 
trains supply, via an anti back-siphon device and metered through 
previously calibrated Kent PSM-L water meters. The pressure head of water 
was mrintained at 10 m by the use of a pressure regulator. 
The pigs were fed ad libitum in groups using troughs with hopper reserves 
of feed. The feed was formulated fran wheat, barley and soya to meet 
A.R.C. (1981) nutrient requirements for growing pigs and was fed in meal 
form. Proximate and mineral analysis of the feed is given in Table 12 .1. 
As the feed was fed ad libitum, no water was mixed with the feed and 
consequently total water used represents voluntary water use. 
The temperature of the test house was recorded using two previously 
calibrated Thermographs positioned as close to the pigs as possible 
whilst remaining out of their reach. 
Experimental procedures 
The pigs were weighed at the start of the experiment and then every five 
days. 
Water use was recorded daily at 0845 hrs. The troughs were refilled daily 
maintaining the feed as fresh as possible. Every five days the troughs 
were errptied and cleaned weighing the uneaten feed. 
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Results 
The health of all experimental an:inals was good, with no deaths nor 
incidence of scour. The trean dai 1 y terrperature varied fran 13.3 • C to 
14. ·c during the trial period. This range of terrperature was lower than 
that recorded in Experiments S, 6 and 7 because the experiment was 
undertaken during January when the outside tE!IPE!rature is at its 1 owest. 
Pig perfonrence and water use data is presented in Table 12.2. Analysis 
of variance of the data showed that trean liveweight gain and feed intake 
were not significantly affected by the different water delivery rat~ 
examined ( P>O. OS) . For the delivery rates of 200, 700 and 1100 aJ /min 
there was no significant difference in feed conversion ratio (P>O.OS). 
However the nean F.C.R. at 400 an3/min was significantly higher than the 
other three treatments (P<O.OS). The reason for this is not easily 
explained. It rray have been possible that the feed trough used, developed 
a leak during the experimental period, which went unnoticed. 
In this experiment, total water use consisted only of vol \mtary water use 
as the feed was fed without additional water. Analysis of variance showed 
that water use at 1100 aJ /min was significantly higher than any of the 
other_ delivery rates (P<O.OS). There was no significant difference 
between 400 and 700 aJ;min (P>O.OS) or between 400 and 200 aJ;min. There 
was a significant difference in water use between the treatment delivery 
rates of 200 and 700 an3 /min ( P<O. OS) . 
Time spent drinking declined as delivery rate increased. Pigs provided 
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Table 12.2 Water use, feed intake and performance of growing pigs 
offered water at one of four delivery rates. 
Water defivery 200 400 700 1100 S.E.0 p 
rate (an /mi.n) 
Total water 3.093 3.42ab 3.95b 4. 71c 0.21 0.01 
use (litres/pig/day) 
Mean 1i ve weight 0. 793 0.661 0.724 0.750 0.062 N.S. 
gain (kg/ day) 
Mean F.C.R. 3.143 3 . 7-,b 3.2t 3.3<:J 0.09 0.02 
Mean feed intake 2 .52 2.49 2. 51 2.46 0 .08 N.S. 
(kg/pig/day) 
Mean weight 41.35 41.55 41.71 41.71 3.24 N.S. 
(kg) 
Apparent time spent 92t 51f 33rF 25tf 75 . 2 0 .01 
drinking (S/pig/day) 
a,b,c means bearing the same superscript are not significantly 
different (P>0.05). 
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with water at 200 cm3 /min spent more tirre drinking than pigs on any of 
the other treatrrents, (P<O.OS). There was also a significant 
difference between the 400 and 1100 cm3/min treatrrents, (P<O.OS). 
Linear regression of the rrean water use figures fran Table 12.2 
against water delivery rate gave the following equation: 
Y = 2.71 + 0.0018 X R2 = 99.9% p = 0.001 
standard deviation intercept = 0.026 
gradient = 0.00004 
Where Y = water use (litres/pig/~y) 
X = water delivery rate (anl /min) 
This relationship is shown in Figure 12 .1. The coefficient of 
determination was very high ( 99. 9%) suggesting that the regression 
line accounted for all of the variation in water use due to delivery 
rate. Consequently analysis of variance of the line showed that it was 
a highly significant representation of the data. It should be noted 
that the water use data used to calculate this equation were rreans and 
the line has only been generated fran four rreans. Confidence limits 
have not been calculated for the diagram in Figure 5.10 because owing 
to the design of the experirrent, the replicates for each treatrrent 
were of significantly different rrean weight and therefore water use 
values for the replicates were different. The confidence limits would 
rrean very little because they would cover water use over the whole of 
the weight range of the experirrent. 
Detailed regression analyses have been undertaken to investigate the 
relationship between total water use and rrean liveweight for each 
water delivery rate studied. The results of these analyses are 
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Figure 12.1 The relationship between rrean total daily water use and 
water delivery rate. 
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Where Y = water use 
(litres/pig/day) 
X = delfvery rate 
(an /rnin) 
.... 
ID 
.... 
Table 12.3 Regression of mean total water use against mean weiaht of 9Z"owing pigs provided 
with water at delivery rates of 200,400,700 and 1100 an3/mm. 
Treatment Regression equation R2 standard deviation of: p intercept bl b2 
200 an3/mi.n Y = 0.571 + 0.0608X 0.003 75.5% 0.538 0.013 
Y = -5.25 + 0.346X - 0.00337 x2 0.006 81.7% 3.376 0.164 0.0019 
400 an3/min Y = -0.965 + 0.105X 0.001 95.1% 0.382 0.009 
y = -3.25 + 0.222X - 0.00141X2 0.001 95.7% 1.69 0.085 0.0010 
700 an3/min Y = 1.03 + 0.0699X 0.014 60.2% 0.882 0.021 
Y = -6.72 + 0.445X- 0.00427X2 0.007 81.0% 2.88 0.137 0.0015 
1100 an3/min Y = 0.44 + 0.103X 0.005 71.2% 1.026 0.024 
Y = -4.9 + 0.371X - 0.00323X2 0.025 68.1% 8.17 0.408 0.0049 
Where Y = Total water use (litres/pig/day) 
X = Liveweight (kg) 
presented in Table 12.3. Cmparing linear and quadratic regression for 
the lower delivery rate the quadratic regression line accounted for 
agreater arrount of variation, indicated by the higher value of the 
coefficient of determination, but the line itself was a less 
significant representation of the data. At 400 aJ /min. both the linear 
and quadratic iines accounted for a high proportion of the measured 
variation and were significant representations of the data. At 700 
an3/min the quadratic regression line gave a ITUlch increased coefficient 
of determination and more significant representation of the data than 
the linear regression line. However at 1100 aJ /min a lower proportion 
of the variation was accounted for by the quadratic regression line 
equation and was therefore a less significant representation of the 
data. 
The relationships between mean total water use and mean liveweight at 
each treatment delivery rate are illustrated by Figures 12.2, 12.3, 
12.4 and 12.5. The linear regression lines have been plotted on these 
diagrams rather than the quadratic regression lines for the following 
reasons: 
(1) For the four treatment delivery rates the quadratic lines 
produced do not all give a better fit (as was the case in Experiment 
7.) 
(2) The srrall weight range studied casts doubt on the validity of 
fitting quadratic regressions because according to the fitted 
quadratic regression equations the points of naximum average daily 
total water use for delivery rates of 200, 700, and 1100 an3/min were 
at live weights of 51.3, 52.1, and 57.4 kg respectively. Experiments 
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Figure 12 . 2 The relationship between ~ total daily water use and 
mean live weight at 200 an /mi.n. 
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LNEWEIGKT 
(KG) 
Where Y = water use 
(litres/pig/day) 
X = live weight 
(kg) 
Figure 12.3 The relationship between~ total daily water use and 
mean 1 i ve weight at 400 an /min. 
(- -) Linear reqressicn line 
Y = -0.965 + 0.105 X 
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Where Y = water use 
(litres/piq/day) 
X = live weight 
(kq) 
Figure 12.4 The relationship between ~ total daily water use and 
mean 1i ve weight at 700 an /min. 
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Where Y = water use 
(litres/pig/day) 
X = live weight 
(kg) 
Figure 12.5 The relationship between ~ total daily water use and 
mean live weight at 1100 an /min. 
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Where Y = water use 
(litres/pig/day) 
X = live weight 
(kg) 
4, 5, and 6 indicated that the liveweight of rraximum water use was 
considerably higher. The quadratic regression analysis undertaken for 
this experiment and the previous three is correct for the experiments 
in question, but when applying the equations in predicting over a 
greater weight range, the linear regression lines are more realistic. 
(3) By chance the anirral groups were slightly different in their 
initial starting weights and consequently, the cross over effects of 
the experimental design resulted in the rrean weight of the groups 
being different at the beginning of each experimental period. On at 
least one occasion the cross over effect resulted in a lower period 
start weight than the previous period end weight. As each group of 
animals spent 10 days on each treatment there was therefore no 
significant difference in the treatment rrean weight at the end of the 
experiment as shown in Table 12.2. The difference in rrean anirral group 
weight resulted in significant differences in total daily water use, 
feed intake and liveweight gain between the groups when the analysis 
of variance was undertaken. 
In order that both delivery rate and liveweight can be accounted for a 
multiple regression of rrean total water use against rrean liveweight 
and delivery rate has been under taken. In so doing the problems 
described above ( 3) , do not occur as this type of regression Cali>ares 
water use at each liveweight and each treatment delivery rate in the 
same calculation. 
Y = 2.18 + 0.00179 X + 0.0129 X2 
standard deviation b1 = 1.142 
b2 = 0.00064 
b3 = 0.02543 
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~ = 32.5% p = 0.012 
where Y = water use (litres/pig/day) 
X1 = delivery rate (arr/rrdn) 
X2 = liveweight (kg) 
The relatively low coefficient of deterrrdnation indicates that the 
regression equation accotmts for only 35.2% of the observed 
variation.However analysis of variance of the line showed it to be a 
significant representation of the data (P<O.OS). Live weight accotmted 
for only 1. 2% of the variation whereas delivery rate accotmted for 
31. 3%. The rerrainder was rrade up of the error factor. This is an 
il!ilortant finding as it means that as predictors of water intake, 
water delivery rate is by far the roore il!ilortant. It must again be 
stressed that the experirrent was carried out over a relatively srrall 
weight range. Figure 12. 6 shows values obtained fran the multiple 
regression line above calculated .at different weights at each of the 
different delivery rates. The relatively srrall gradient of the lines 
illustrates the relative il!ilortance of liveweight as a predictor of 
water use. The differences between the 1 ines indicates the relative 
il!ilortance of delivery rate as a predictor of water use. 
The relationship between apparent time spent drinking and delivery 
rate is i 11 ustrated by Figure 12.7. Linear regression of the mean 
apparent time spent drinking figures fran Table 12.2 against water 
delivery rate gave the following equation: 
Y = 914 - 0.676 X R2 = 67.8% p = 0.114 
standard deviation intercept = 171.2 
gradient = 0. 2497 
Where Y = 
X = 
time spent drinking (s/pig/day) 
water delivery rate (~/rrdn) 
It was fotmd that a curvilinear quadratic regression of the data gave 
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Figure 12. 6 The relationship between mean total daily ~ter use and 
mean 1 i ve weight at 200 1 400 1 700 and 1100 an /min according 
to the rrul tiple regression equation: 
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WATER USE 
y = 2.18 + 0.00179 X1 + 0.0129 X2 
where Y = water use (litres{pig/day) 
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an increased coefficient of determination but analysis of variance of 
the line showed that the line was not a significant representation of 
the data and was less significant than the linear representation. 
Y = 1317 - 2.36 x + o.oo128 x2 R2 = 91.5% 
standard deviation intercept = 179.8 
bl = 0.0005 
b2 = 0.666 
p = 0.168 
The reason for this was that the total degrees of freedan for both 
regression analyses was 3. Undertaking quadratic regression doubles 
the regression degrees of freedan and halves the error degrees of 
freedan. 
Regression of apparent time spent drinking against liveweight for each 
delivery ·rate has not been tmdertaken as this will reflect similar 
results to the regression analysis of water use, owing to the direct 
relationship between water use, delivery rate and time spent drinking. 
However a multiple regression analysis of mean time spent drinking 
against delivery rate and mean liveweight has been undertaken in order 
that both pararreters can be taken account of when predicting the 
aroount of time required for a pig to drink its requiranent. The 
following equation was produced: 
y = 498 - 0.679 Xl + 10.1 X2 R2 = 73.5% 
standard deviation intercept = 
b2 = 
b3 = 
Where Y = mean time spent dr~nking 
Xl = de 1 i very rate (art' /min) 
X2 = live weight (kg) 
193.7 
0.1094 
4.315 
(s) 
p = 0.001 
The high coefficient of determination indicates that the regression 
equation accounts for a high proportion of the variation. Analysis of 
variance of the regression proved that it was a highly significant 
representation of the data (P<O .001). When the regression sums of 
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squares is broken down into the two predictors, it is found that live 
weight only accounts for 9.5% of the variation. This figure is higher 
than the simi 1 ar figure produced in the water use multiple regression· 
analysis suggesting that liveweight is 100re inportant in the 
prediction of time spent drinking than in water use. Delivery rate 
accounted for 67.4% of the variation, the rerrainder resulted fran 
error. 
A second multiple regression of apparent time spent drinking included 
an additional parameter of the square of delivery rate. 
This produced the following equation: 
Y = 898 - 2.37 Xl + 0.00128 Xl2 + 10.2 X2 
standard deviation intercept = 133.2 
b2 = 0.323 
b3 = 0.000241 
b4 = 2.45 
Where Y = mean time spent dr~nking 
Xl = delivery rate (an'/min) 
X2 = live weight (kg) 
(s) 
P=0.001 
Including the square of delivery rate in the equation increased the 
coefficient of determination by 17. 9% making the regression equation 
account for a higher proportion of the total variation. Analysis of 
variance of the regression line showed it to be a highly significant 
representation of the data ( P<O. 0001) . Figure 12. 8 shows values 
obtained fran the multiple regression equation above calculated at 
different weights (over the weight range covered in the experiment) at 
each of the different delivery rates. Figure 12. 9 i 11 ustrates the 
effects of the different water delivery rates on the apparent time 
spent drinking as 1 i veweight increased. 
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Figure 12.8 The relationship between mean apparent time spent 
drinking and water delivery rate at 30 I 40 I 50 and 60 kg 
live weight according to the ~tiple regression 
equation: 
y = 898 - 2.37 X1 + 0 . 00128 X12 + 10.2X2 
where Y = drinking time (s/pfg/day) 
X1 = delivery rate (an /min) 
X2 = live weight (kg) 
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Figure 12. 9 The relationship between mean apparent time spent 
dr~nking and mean live weight at 200,400,700 and 1100 
arf/mi.n according to the nultiple regressioo. equatioo.: 
y = 898 - 2 . 37 Xl + 0.00128 Xl2 + 10.2 X2 
where Y = drinking time (s/pig/day) 
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Discussion 
The results show that between the delivery rates of 200 and 1100 
an3 /min there is a significant difference in the water used by the 
pigs, the higher delivery rates supplying roore water. This 
relationship was clearly shown by Figure 12 .1. Between these two 
delivery rates there was no significant difference in perforrrance 
characteristics. This would tend to suggest that the greater aroounts 
of water dispensed at the higher delivery rates resulted fran wastage 
of water. These conclusions are similar to those reached in 
Experiments 6 and 7. At a liveweight of 41 kg the increase in delivery 
rate from 200 to 1100 results in an increase in usage of water of 1.62 
litres per pig. Assuming that all of this was wastage and that wastage 
increases linearly with water delivery rate, for every 100 an3/min 
increase in delivery rate there is a corresponding increase in wastage 
of 0.18 litres. It may be that wastage is not linearly related and 
that as water use increases so to does water intake. The aroount of 
water wasted at 200 aJ;min is unknown and the effects of delivery rate 
on water use below 200 an3 /min can not be extrapolated fran Figure 12 .1 
as this would suggest a water use of 2.71 litres/pig/day at a delivery 
rate of 0 aJ;min. This is obviously incorrect. 
The roodel produced by Gill, (1989) of obligatory water losses and 
gains, which determine the aroount of water required per day by a 
growing pig to maintain physiological haneostasis, estimates that a 60 
kg pig would require between 1.91 and 3.33 litres per day. If the 
multiple regression equation given in Figure 12.6 is used to calculate 
the water used by a 60 kg pig at 200 an3/min it is found to be 3. 31 
litres/day. This experimental value is in very good agreement with the 
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theoretical value calculated frcrn Gi 11 's JOOdel . This would suggest 
that under the experimental conditions examined, there was little 
waste water at the water delivery rate of 200 aJ /min. It is important 
to point out that this deduction is only appropriate to 200 aJ /min 
under the conditions studied. Under a ration feeding system or with a 
greater m.unber of pigs per drinker, the results may not have been the 
sarre. 
Water use to feed ratios can be calculated by dividing total daily 
water use by total daily feed use giving the following results. 
water delivery rate 200 400 700 1100 
(an3/min) 
Water to feed ratio 1. 23:1 1.37:1 1.57:1 1. 91:1 
Frcrn the above figures it can be seen that water use to feed intake 
ratios vary according to delivery rate. Therefore it is quite cl ear 
that water use to feed ratio is of no value within the context that 
researchers and producers current! y use it, that is to ccmpare 
production levels and water intakes for different systems and to make 
reccmnendations for water to feed ratios for wet feed systems. Its 
only use is as a means of estimating the varying aroounts of waste frcrn 
different water supply systems. It is interesting to note that the 
water to feed ratios calculated above are relatively low canpared to 
the values presented in Table 3.6. They are also lower than the 
minimlnn water to feed ratio suggested by Yang et al. , ( 1981) , of 1. 6 
to 1. 
The results of this experiment can not be directly applied to the 
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ration fed situation. A second experirrent was to have nm along side 
this experirrent examining the effects of the same delivery rates on 
the water use of ration fed pigs. Unforttm.ately this experirrent had to 
be abandoned because a slirre mould entered the water system and slowly 
restricted pipes, meters and drinkers confounding the treatrrent 
delivery rate effects. Tirre did not allow a repeat of this exact 
experirrent. 
It is !mown that the drinking patterns of pigs is conditioned by the 
feeding regime (Albar et al., 1985). Ration fed pigs have peak derrand 
periods which occur irnrediately after the feeds and are higher than 
those of ad libitum fed pigs. The pattern of water use of ad libitum 
fed pigs is more diffuse, characterised by only srrall peaks. When the 
delivery rate is reduced for ration fed pigs CCJTiletition for the 
drinkers would be greater than for ad libitum fed pigs owing to the 
greater demand peaks. Therefore for ad 1 ibi turn fed pigs it rray be 
possible to reduce the delivery rate to a lower level than for ration 
fed pigs with out any detrimental effects on pig performance. 
In order to be able to predict water use accurately over the water 
delivery rate range studied here for the ration fed system it is 
necessary to compare with: 
(1) an experirrent under taken by GilL (1989) directly CCJlilaring the 
water use of growing pigs from different drinkers fed either ad 
libitum or ration fed. 
( 2) Experiments 6 and 7 which examine the water use of growing pigs at 
two different delivery rates in which the pigs were ration fed. 
In an experirrent ccnparing water use from different drinker types for 
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ad libitum and ration fed pigs Gill, (1989) showed that water use was 
higher for ad libitum than for scale-fed pigs for three bite drinker 
types, but fran the Mono-flo drinker a greater volume was used when 
the pigs were fed on a scale relating to metabolic liveweight. 
Considering only the Arato 80 drinker in Gi 11 's exper:irrent, water use 
for the ad libitum fed pigs was 5.63 litres/pig/day and for the ration 
fed pigs was 5.00 litres/pig/day at a water delivery rate of 670 
cm3/rrdn. The mean weights for the groups of pigs under the two feeding 
systems were slightly different and when water use per kg live weight 
was calculated it was fo1.md that for both systems the water use: live 
weight ratio was 0 .11. This shows that water use per kg live weight 
was sirrdlar for ad libitum and ration fed pigs. For the two other bite 
drinkers studied the results were sirrdlar. This would suggest that 
water use is sirrdlar for both ration and ad libitum fed pigs. 
Using the regression equation in Figure 12.6, the predicted water use 
of a 51.18 kg live weight pig at 670 aJ /rrdn is 4.04 litres/pig/day 
CCJ'Ii)ared to Gill's value of 5.63 litres/pig/day. Gill has anitted to 
specify the house temperature during the course of his experirrent. 
Consequently a Call>arison of this nature cannot really be rrade. 
However the difference between the two values rray be a reflection of 
tE!Ill>erature. In this context, the ~rost useful conclusion fran Gi 11 's 
exper:irrent is that per kg liveweight, the water use of ad libitum fed 
pigs is sirrdlar to that of ration fed pigs. Therefore inforrration 
gathered fran ad libitum experirrents rray be used for predicting the 
water use of ration fed pigs providing that other parameters remain 
the same. 
In order to Call>are the results of this experirrent with those of 
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experiments 6 and 7 it is again necessary to use the multiple 
regression equation relating water use, delivery rate and liveweight 
used in Figure 12.6 to predict the water use of 45 kg pigs at 300 and 
900 an3/min. A canparison of results is given in Table 12. 4 below. 
Table 12.4 A comparison of the results obtained in Experiments 6,7 
and 8 
Delivery rate 
(an3/min) 
300 900 Temperature range("C) 
Experiment 6: 4.18 4.88 14.0-17.6 
Experiment 7: 3.70 5.3 15.1-19.7 
Experiment 8: 3.29 4.38 13.3-14.0 
(values given are litres/pig/day) 
It appears that the predictions from Experiment 8 are lower than the 
neasured means fran Experiments 6 and 7. These differences are roost 
likely due to the lower t~ratures recorded in Experiment 8. 
This experiment has shown that at the lower delivery rates the growing 
pig has been prepared to spend significantly longer arootmt of time 
drinking in order to achieve its intake without effecting growth. The 
results rray not be the sarre when total pen drinking time is increased 
from a single drinker by increasing the number of pigs in the pen, or 
when the peak requirements are increased by ration feeding. 
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Experiment BA: A cmparison of water use between two water delivery 
rates by growing pigs kept under near cannercial 
caoditicos fed initially ad libi.tm~ and later 
according to a scale based an metabolic live weight. 
Introduction 
The Ccxles of Recamendations for the Welfare of Livestock: Pigs (1990) 
state that one drinker should be provided per 10-12 pigs and at least 
two drinkers per pen. Two drinkers per pen are recannended in the 
event that should a fault or blockage occur in one of them the 
remaining one would continue to function. These recannendations are 
still not being universally adopted. 
Experiments 6, 7 and 8 were conducted with relatively small groups of 
pigs, namely eight .. In the cannercial situation, pigs are kept in 
greater numbers, groups of greater than 15 being more canron. The aim 
of this experiment was to investigate the effects of delivery rate on 
production parameters and water use under near cannercial conditions. 
Materials and metbcds 
Experimental design and treatments 
The water use and perfomance of growing pigs supplied with water fran 
single Arato 80 drinkers at two water delivery rates was investigated. 
The two treatment delivery rates were as follows: 
1 300 aJ/min 
2 900 aJ /mi.n 
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A diagram of the Arato 80 drinker is given in Figure 1.3. The 
experiment was conducted over a period of 8 weeks. During the first 5 
weeks the two treatment pig groups were fed ad libitum. For the latter 
period the pigs were ration-fed. Replication was not possible as space 
and time was 1 imi. ted, and therefore the results and statistical 
analysis of this experiment have limitations. 
AniDals and housing 
Thirty-two Large White x (Large White x Landrace) consisting of an 
equal number of gilts and boars pigs were individually weighed at the 
start of the trial (initial mean weight 31.36 ±1.46 kg), period and 16 
were randanly assigned to the two treatment pens. The pigs were housed 
in the test house for a period of four days prior to the start of the 
trial in order to accustan them to the envirorurent and the feeding 
regime. 
Water was available ad libitum to each pen fran a single drinker, 
m:runted on variable height brackets. The height was initially set at 
0. 5 m fran the ground as specified by the rranufacturer, drinker height 
being increased by an equal am:n.mt in each pen to mrintain the 
reccmnended drinking attitude as the pigs grew. The drinkers were 
aligned at a 15 • decline fran the ground. 
Different water delivery rates in the drinkers were achieved by 
varying the internally fitted plastic apertures in the drinkers. The 
delivery rates selected were checked weekly and remained within 5\ of 
the naninal values. The water was supplied fran the mrins supply, via 
an anti back-siphon device and metered through previously calibrated 
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Table 13.1 Proxinate and mineral analyses of the feed used in 
Experiment BA 
Dry natter (%) 
Digestible energy (MJ/kg IM) 
Crude protein ( g/kg IM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg IM) 
Calcium (g/kg IM) 
Phosphorous ( g/kg IM) 
Magnesium (g/kg IM) 
Sodium (g/kg DM) 
Potassium (g/kg IM) 
ChJoride (g/kg DM) 
85.2 
15.4 
20.8 
29.0 
129 
25.0 
71.0 
15.0 
10.3 
1.5 
2.6 
5.5 
3.1 
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Kent PSM-L water meters. The pressure head of water was naintained at 
10 m by the use of a pressure regulator. 
For the first part of the experirrent the pigs were fed ad Iibitt.m in 
groups using troughs with hopper reserves of feed. The hoppers where 
kept topped up without allowing any of the feed to becane stale. The 
feed was formulated fran wheat, barley and soya to meet A.R.C. (1981) 
nutrient requirements for growing pigs and was presented in meal form. 
Proxinate and mineral analysis of the feed is given in Table 13.1. As 
the feed was fed ad Iibitt.m, no water was mixed with the feed and 
consequently total water used represents voluntary water use. For the 
second part of the experiment the pigs were individually fed ration 
fed on a. metabolic weight seal e of 100 g/kg wO· 75 based on the average . 
weight of the pigs. The feed was of the same specification of that fed 
in the first part of the experirrent. In order to ne.ke the feed more 
palatable in the ration-fed situation an equal volune of water was 
added. Therefore total water use in this period was nade up fran 
voluntary water use and water-in-feed. 
The tenperature of the test house was recorded using two previously 
calibrated Thermographs positioned as close to the pigs as possible 
but renaining out of their reach. 
Results 
The health of all experirrental an:irrals was good, with no deaths nor 
incidence of scour. The daily mean telli>erature varied fran 16.l'C 
to 1s.s·c. This range of terperature was higher than that recorded in 
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Experiment 8 because it was conducted during mid sumner as opposed to 
winter. 
Pig perfornance and water use data is presented in Table 13.2. Owing 
to the nature of the measurements and the fact the investigation was 
not intended to be a complete one a full statistical analysis was not 
possible. Two sarrple t-tests showed there to be no significant 
difference in weekly mean live weight between the two delivery rates, 
for both of the feeding regimes. There was a significant difference in 
water use between 300 aJ /min and 900 aJ /min for the ad Libi turn fed 
pigs. For the ration fed pigs the two sample t-test showed that there 
was no significant difference in water use between the high and low 
water delivery rate (P=0.077). This non significant result was 
probably effected by the small populations canpared (n=3). 
Regression analyses have been tmdertaken to investigate the 
relationship between total water use and mean live weight for the two 
water delivery rates studied tmder both feeding regimes. The results 
of these analyses are presented in Table 13. 3. For the ad libi tt.m 
feeding system, the regression equations obtained account for a 
relatively high proportion of the variation indicated by the high 
values for the coefficients of determination. The equations are 
significant representations of the experimental data, (P<O.OS). 
For the ration-fed pigs the linear regression equations produced also 
account for a high proportion of the variation indicated by the 
relatively high values for the coefficients of determination. However 
the equations were not significant representations of the data, 
(P>O.OS). This is probably due to the small size of the populations 
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Table 13.2 Water use, feed intake and perfomance of growing pigs 
offered water at one of two delivery rates under two 
feeding regiJres . 
Ad Lib. Period Ration fed period 
Water ~ivery 300 900 300 900 
rate ( /min) 
Total water 3.30 4.44 4.71 5.31 
use (litres/pig/day) 
Voluntary water 3.30 4.44 2.54 3.25 
use (litres/pig/day) 
Mean live weight 41.18 38.49 60.38 56.35 
(kg) 
Mean feed intake 1.84 1.77 2.17 2.06 
(kg/pig/day) 
Mean weight 0.526 0.488 0.517 0.508 
gain (kg/ day) 
Mean F.C.R. 3.49 3.62 4.19 4.05 
Apparent tirre spent 660 296 508 216 
drinking (s/pig/day) 
This table of results has been presented for carpleteness. Due to 
design of the investigation, analysis of variance was not possible. 
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Table 13.3 RegressiCBl of DBm total water use ~t mean weight of gr~_pigs provided 
with water at delivery rates of 300aild 900 an3/min Under two feeaing regimes. 
Treatment Regression equation 
Ad Libitum 
300 an3/min y = -0.299 + 0.0874X 
900 an3/min Y = 0.29 + 0.108X 
Ration Feed 
300 an3/min Y = 1.7 + 0.0499X 
900an3/min Y = 2.62 + 0.0477X 
Where Y = Total water use (litres/pig/day) 
X = Li veweight (kg) 
p 
0.005 
0.034 
0.192 
0.222 
R2 
standard deviation of: 
intercept bl 
92.9\ 0.499 0.0119 
76.4\ 1.128 0.0289 
82.4% 0.937 0.0154 
76.6 0.979 0.0173 
measured. 
Analysis has been lDldertaken in order to establish whether the 
regression lines differ significantly fran one another according to 
water delivery rate or whether they differ at similar water delivery 
rates but different feeding regimes. 
Ca!paring the two water delivery rates ad libitum: 
t-ratio of intercept = -1.18 
t-ratio of gradient= -1.73 
(P>O.OS) 
(P>O.OS) 
Car(laring the two water delivery rates ration fed: 
t-ratio of intercept = -0.98 
t-ratio of gradient = 0.14 
(P>O.OS) 
(P>O.OS) 
Catilaring the two feeding regimes at 300 arf /mi.n: 
t-ratio of intercept = -4.0 
t-ratio of gradient = 3.15 
(P<O.OS) 
(P<O.OS) 
Ca!paring the two feeding regimes at 900 arf /mi.n: 
t-ratio of intercept = -2.06 
t-ratio of gradient = 2.08 
(P>O.OS) 
(P>O.OS) 
These carparisons of linear regression equations have been stmmarised 
in Figure 13.1. During the ad libitum period there was no significant 
difference between the two regression lines (delivery rates) for the 
intercept nor the gradient. This inplies that there was no significant 
differences in the rate of increase in water use for the two water 
delivery rates. During the ration-fed period there was also no 
significant difference between the two regression lines for the 
intercept nor the gradient (P>O.OS). This inplies that there was no 
significant difference in the rate of increase in water use for the 
two delivery rates. 
217 
Figure 13.1 The relationships between mean totaJ daily water use and 
mean 1 i ve weight at 300 and 900 an /min fed ad libi tun 
and rationed. 
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WATER USE 4.0 
(UTRES PER PIG) 
3.5 
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2.5 
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( 1) 900 an3 /mi.n , ad libi tun 
Y = 0.29 + 0.108 X 
(2) 900 aJ /min, ration fed 
Y = 2.62 + 0 .0477 X 
( 3) 300 aJ /min, ad libi tun 
Y = -0.299 + 0.0874 X 
( 4) 300 an3 /mi.n, ration ~ed 
Y = 1. 7 + 0. 0499 X300 an /min . 
(2) 
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+ 
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Where Y = Total water use 
(litres/pig/day) 
X = Live weight 
(kg) 
Cmlparing the two feeding regimes, at 300 aJ /min there was a 
significant difference between the two lines in both the intercept and 
the gradient. ~s shows that there is a significant difference in the 
rate of increase in water use and therefore that the pattern of water 
use for ad libit1.811 fed pigs rray be different fran ration fed pigs 
atCatparing the two feeding regimes at 900 aJ /mi.n there was no 
significant difference between the two regression lines for the 
intercept or the gradient. This i!lillies that there was no significant 
difference in the rate of increase of water use and therefore in 
contrast to the above, the pattern of water use was unaffected by the 
feeding reg:irre. 
Discussion 
Using the regression equations given in Table 13.3 the predicted water 
use of a pig of a given weight can be calculated for the two delivery 
rates studied and under the two different feeding regimes in order 
that the results fran this experi.rrent can be carpared to those of 
experi.rrents 6, 7 , and S . A carparison of results is given in Table 13 . 4 
for a 45 kg pig. 
Experiments 6, 7, and SA have examined the same water delivery rates 
and therefore an analysis of variance between the linear regression 
lines of total water use against live weight can be undertaken: 
catparing Experiment SA with Experiment 6: 
(300 aJ /mi.n) 
Y = 1.07 + 0.06S6 X t-ratio of intercept = 0.67 
t-ratio of gradient = 1.21 
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N.S. 
N.S. 
Table 13.4 A comparison of water use data obtained in Experiments 
6,7,8 and SA 
Delfvery rate 
(an /min) 
300 900 Temperature range(·c) 
Experiment 6: 4.1S 4.SS 14.0-17.6 
(Ration fed) 
Experiment 7 : 3.70 5.3 15.1-19.7 
(Ration fed) 
Experiment S: 3.29 4.3S 13.3-14.0 
(Ad libitum) 
Experiment SA: 
(Ad libitum) 3.63 5.15 16.5-1S.5 
(Ration fed) 3.94 4. 76 16.5-1S.5 
(values are given as litres/pig/day for a 45 kg pig). 
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( 900 an3 /min) 
Y = -1.99 + 0.070 X t-ratio of intercept= 4.7 
t-ratio of gradient = -1.45 
Where Y = total water use (litres/pig/day) 
X = live weight (kg) 
(P<0.01) 
N.S. 
At the lower delivery rate there is no significant difference between 
the two experiment regression 1 ines in either the intercept 
coefficient nor the gradient. This is shown by the relatively srrall 
difference in the values carputed for a 45 kg pig presented above. At 
the higher delivery rate there is a significant difference in the 
intercept coefficients. This can be explained by the fact that water 
use was studied over different ranges in the two experiments. There 
was no significant difference in the gradients of the two regression 
lines showing that there was no significant difference in the rate of 
increase in water use with weight. 
carq,aring Experiment BA with Experiment 7: 
(300 an3/min) 
Y = 1.06 + 0.105 X 
( 900 an3 /min) 
Y = 1.27 + 0.0889 X 
t-ratio of intercept = 2.94 
t-ratio of gradient = -3.57 
t-ratio of intercept = 1.38 
t-ratio of gradient = -2.69 
Where Y = total water use (litres/pig/day) 
X = live weight (kg) 
(P<0.05) 
(P<0.05) 
N.S. 
(P<0.05) 
At 300 aJ;min there was significant difference between the intercepts 
of the two lines and the gradients. At the higher delivery rate there 
was no significant difference between the intercepts of the two lines, 
however there was a difference between the gradients of the two lines. 
These differences nay have been due to the difference in the numbers 
of pigs in the groups or the limited weight range studied in 
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Experiment SA. 
In surmarising the results of this investigation, it appears that pig 
performance 'l.nlder conditions which would equate closely to normal 
commercial practice was not affected by the low delivery rate despite 
there only being one drinker per pen for 16 pigs. 
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Experiment 9: A CCJIIltilrison of water use between four delivery rates 
by early weaned pigs fran 3 to 6 welts of age. 
Introduction 
Water is commonly supplied to the weaned piglets either from bowls or 
from drinkers. With the exception of water bowls with a large 
reservoir capacity, the availability of water to the pig depends upon 
the water delivery rate from the drinker. Despite this fact few 
manufacturers of piglet drinking utensils recannen.d an optirmm~ water 
delivery rate for their product. The objective of this experiment was 
to investigate the water use of piglets over a range of delivery rate. 
Materials and methods 
Experimental design and treabnents 
The performance and water use of early weaned pigs supplied with water 
from drinkers at four water delivery rates was investigated. The four 
treatment delivery rates were as follows: 
1 175 aJ/min 
23SOaJ/min 
3 450 aJ/min 
4 700 aJJmin 
The treatment delivery rates were replicated through four pens 
(replicates) and in time according to a Latin Square design. 
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Consequently at the end of the experiment each treatment would have 
occurred once in each pen and once in each time period. 
An:in&J.s and housing 
Sixteen groups consisting of 5 entire male and 5 female Large white x 
(Large White x Landrace) were selected. The piglets weaned at 21 ± 2 
days, were ear tagged for identification and weighed. The average 
weaning weight was 5. 84 ± 0. 3 kg. As far as possible the groups were 
balanced for litter and weaning weight. At the beginning of each tirre 
period 4 groups were randanly allocated to one of the four treatment 
pens in a flat-deck early weaner house. The house was maintained at a 
near constant temperature (naninally 21·c throughout the period of the 
trial). 
Each pen, rreasuring 1.45 x 1.25 m, was supplied with water fran a low 
pressure water system via two Arato 76. tube drinkers (Figure 1.6) 
mounted 0.25 m above the wire mesh floors, allowing ad libitum access 
to the water. The pressure head of water was 1. 3 m. The drinkers were 
aligned at a 15• decline fran the ground. Different water delivery 
rates in the drinkers were achieved by varying the size of the 
internally fitted plastic apertures in the drinkers. The delivery 
rates selected were checked weekly and remained within 5\ of the 
nani.nal values . 
The piglets were fed in troughs rreasuring 1. 43 m x 0. 2 m. The 
proximate and mineral analysis of the treatment feeds are presented in 
Table 14.1. The piglets were fed on proprietary diets. For the first 
two weeks post weaning, they were fed D20M, ( J. Bibby 1 td. ) . This was 
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Table 14.1 Proxinate and mineral analyses of the feeds used in 
Experiment ·9 
Dry natter (%) 
Digestible energy (MJ/kg IM) 
Crude protein ( g/kg IM) 
Crude fibre (g/kg IM) 
Neutral detergent fibre ( g/kg IM) 
Oil (Acid hydrolysis) (g/kg IM) 
Total ash (g/kg DM) 
Calcium (g/kg IM) 
Phosphorous ( g/kg DM) 
Magnesium (g/kg IM) 
Sodium (g/kg IM) 
Potassium ( g/kg IM) 
Chloride (g/kg IM) 
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D20M 
93.0 
19.9 
22.7 
9.0 
51.0 
212 
63.0 
9.4 
6.9 
1.1 
3.3 
10.5 
6.6 
( 
D10P 
90.8 
18.6 
27.3 
22.0 
66.0 
127 
64.0 
9.7 
6.6 
1.5 
2.8 
10.7 
3.7 
~­
/ 
then changed to D10P, (J. Bibby Ltd.) for the third week. 
Experi.rrental procedures 
In order to naintain a supply of fresh feed, additions were trade at 
0830 hours and 1630 hours each day. All feed inputs were recorded and 
soiled feed was removed and weighed when necessary. Water use was 
metered using previously calibrated Kent PSM-L waters and was recorded 
daily at 0830 hours. Piglets were individually weighed weekly using a 
calibrated spring balance. The piglets renained on the trial for 3 
weeks. The terrperature of the flat deck house was rooni tared using a 
previously calibrated Thermograph positioned 1 m above the pens. 
Results 
The health of all experimental aninals was good, with no deaths nor 
incidence of scour. Mean daily terrperature in the building varied 
between 25.5 ·c and 27.5 ·c. 
Water use, feed intake and perfot1'l'B11ce data for each treabrent 
delivery rate are presented in Table 14.2. Analysis of variance of the 
data showed that there was a highly significant difference in 
voluntary water use between the treatment delivery rates (P<0.001), 
each one being significantly different fran each other one. A highly 
significant difference was found in mean daily feed intake (P<0.001) 
between the treatment delivery rates of 175, 350 and 450 aJ;min. There 
was no significant difference in mean daily feed intake between 450 
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Table 14.2 Water use, feed intake and perfomance of early weaned 
piglets fran 3 to 6 weeks supplied with water at four 
water delivery rates. 
Treatmen~elivey rate 
/min 
175 350 450 700 S.E.D p 
Water use 0. 7't l.Ot 1.3:t 1.63' 0.10 0.001 
(litres/piglet/day) 
Mean feed intake 0.30:f 0.32-:f 0.341c o.34T 0.0053 0.001 
(kg/day) 
Mean live weight 0.21d 0.235b 0. 250c o.24T 0.0057 0.001 
gain (kg/day) 
Mean F.C.R. 1.48 1.39 1.37 1.42 0.045 N.S. 
Apparent tirre 268.1a 175.ab 174.8b 139.4b 16.0 0.001 
spent drinking 
(s/pig/day) 
a,b,c,d rreans bearing the same superscipt are not significantly 
different (P>O.OS) 
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and 700 an3/mi.n. However there was a significant difference between 700 
an3/mi.n and the t~ 1 ower delivery rates. 
Significant differences were found between the three lower delivery 
rates for mean daily live weight gain but there was no significant 
difference between 450 and 700 an3/mi.n water delivery rates. However 
daily gain at a delivery rate of 700 an3/mi.n was significantly 
different fran 350 and 175 aJ /min. There was no significant difference 
between any of the treatments for mean F.C.R. 
Analysis of variance of the time spent drinking showed that 
significantly 100re time was spent drinking by the pigs at the delivery 
rate of 175 an3/mi.n than at any other of the delivery rates (P<0.001). 
There was no significant difference in time spent drinking between any 
other of the water delivery rates. 
Linear regression of the mean water use against delivery rate gave the 
following equation: 
Y = 0. 499 + 0. 00165 X Ft = 82.0% 
standard deviation of the intercept 
gradient 
Where Y = water use (litres/pig/day) 
X = water delivery rate (an3/mi.n) 
P=0.001 
= 0.091 
= 0.00019 
This relationship is shown in Figure 14 .1. The coefficient of 
determination was high ( 82.0%) , showing that the 1 ine accounted for a 
high proportion of the variation in water use due to delivery rate. 
Analysis of variance of the line showed that it was a highly 
significant representation of the data (P<0.001). 
Linear regression of the mean feed intake against delivery rate gave 
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Figure 14.1 The relationship between mean daily water use and water 
delivery rate for early weaned pigs. 
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the following equation: 
Y = 0.296 + 0.0000741 X ~ = 52.5% 
Standard deviation of the intercept 
gradient 
Where Y = feed intake (kg/pig/day) 
P=0.001 
= 0.0082 
= 0.000018 
X = water delivery rate (arr/min) 
The coefficient of determination of this relationship is only 52.5% 
showing that the regression equation only accounts for half of the 
variation. However analysis of variance of the line showed that it was 
a highly significant representation of the data (P<0.001). 
Quadratic regression of the mean feed intake against delivery rate 
gave the following equation: 
Y = o.264 + o.ooo249 x - o.opoooo197 i 
R = 61.9% 
Standard deviation of the intercept = 
b1 = 
b2 = 
P=0.001 
0.016 -5 
8.39 X 10_8 9.27 X 10 
The higher R2 value for the quadratic relationship indicates that it 
accounts for a greater proportion of the variation than the linear one 
and is therefore a better representation of the data. These 
relationships are illustrated in Figure 14.2. 
Linear regression of apparent time spent drinking on delivery rate 
gave the following equation: 
Y = 285 - 0.227 X ~ = 62.1% 
standard deviation of the intercept = 
gradient = 
Where Y = time spent drinking (s/pig/day) 
X = water delivery rate (art' /min) 
P=0.001 
20.61 
0.0448 
This equation accounts for 62.1% of the variation measured. Analysis 
of variance of the line showed that it was a significant 
representation of the data. Quadratic regression of the apparent time 
spent drinking on delivery rate again produced a regression equation 
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Figure 14.2 The relationship between mean daily feed intake and water 
delivery rate for early weaned pigs. 
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(an/min) 
Figure 14.3 The relatiooship between apparent time spent drinking and 
water delivery rate for early weaned pigs. 
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Where Y = apparent time 
spent drinking ( s) 
X = delfvery rate 
(an /rnin) 
with a higher coefficient of determination indicating it to be a 
better representation of the data: 
' 
Y = 371- 0.701 X+ 0.000533 i r( = 71.3% 
standard deviation of the intercept = 40.86 
b1 = 0.2065 
b2 = 0.000228 
These relationships are illustrated in Figure 14.3 
P=0.001 
Linear regression of mean daily feed intake on mean daily water use 
gave the following equation: 
Y = 0.270 + 0.484 X r( = 75.5% p = 0.001 
standard deviation of the intercept = 0.00816 
gradient = 0.007 
Where Y = mean feed intake (kg/pig/day) 
X = mean water use (litres/pig/day) 
The regression line produced accotmts for a high proportion of the 
variation. Analysis of variance of the line showed that it was a 
highly significant representation of the data. 
Quadratic regression analysis of the of feed intake on water use 
produced a regression line which accotmted for a greater proportion of 
the variation than linear regression. This was shown by the higher 
coefficient of determination. 
Y = 0.189 + 0.196 X - 0.0061~ X2 
~ = 86.0% P=0.001 
standard deviation of the intercept = 0.0249 
b1 = 0.0443 
b2 = 0.0185 
These relationships are illustrated in Figure 14.4. 
Detailed regression analyses have been undertaken to investigate the 
233 
Figure 14.4 The relationship between mean daily feed intake and mean 
daily water use for early weaned pigs . 
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Where Y = feed intake 
(kg/pig/day) 
X = water use 
(litres/pig/day) 
N (.I,) 
U'l 
Table 14.3 Re!n"essian of mean total water use ~t mean weicdlt of; growing pigs provided 
with water at delivery rates of 200,400,700 and liDO an3/mm. 
Treatment Regressicm equaticm R2 standard deviaticm of: p intercept bl b2 
175 an3/min Y = 0.0827 + 0.0637X 0.001 89.2% 0.068 0.0048 
Y = 0.379 - 0.0135X + 0.0053X2 0.001 98.1% 0.041 0.0086 0.0004 
350 an3/min Y = 0.212 + 0.0745X 0.001 84.8% 0.088 0.0070 
Y = 0.659 - 0.0422X + 0.0053X2 0.001 98.0% 0.051 0.0107 0.0005 
450 an3/min Y = 0.292 + 0.0945X 0.001 88.2% 0.097 0.0077 
y = 0.766- 0.0292X +0.00562X2 0.001 97.7% 0.068 0.0144 0.0006 
700 an3/min Y = 0.223 + 0.127X 0.001 92.4% 0.102 0.0081 
Y = 0.681 + 0.008X + 0.00543X2 0.001 97.5% 0.094 0.0198 0.0009 
Where Y = Voluntar{ water use (litres/pig/day) 
X = Days pos weaning 
relationship between total water use and the number of days post 
weaning for each . delivery rate studied. The results of these analyses 
are presented in Table 14.3. Carparing linear and quadratic regression 
at each of the delivery rates, the quadratic regression line accmmted 
for a greater amount of the variation indicated by the higher value of 
the coefficient of determination. As table 5.16 illustrates all the 
quadratic regression equations had values of over 97%. The 
relationships between mean total daily water use and the m.unber of 
days post weaning at each treatment delivery rate is illustrated by 
Figures 14.5, 14.6, 14.7 and 14.8. 
The regression analyses showed that delivery rate accounted for a high 
proportion of the variation in daily water use between the treatments 
and that the number of days post weaning accounted for alroost all of 
the within treatment variation in daily water use. Therefore a 
multiple regression analysis was undertaken regressing daily water use 
against water delivery rate and the number of days post weaning. This 
produced the equation: 
Y = -0.478 + 0.00165 Xl + 0.0895 X2 ~ = 79.1% P=0.001 
standard deviation of intercept = 0.0531 
b1 = 0.000092 
b2 = 0.00289 
Where Y = water use (litres/pig/day) 
Xl = delivery rate (an' /min) 
X2 = number of days post weaning 
The high coefficient of determination shows that the equation accounts 
for a high proportion of the variation. When the regression SUITS of 
squares is broken down into the two predictors it is found that the 
number of days post weaning accounts for 59.4% of the variation and 
the delivery rate 19.7%. Analysis of variation of the regression 
equation showed that it was a significant representation of the data 
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Figure 14. 5 The relationship between mean daily water use and the 
m.1tber of days post wef!Irinq for early weaned pigs at a 
delivery rate of 700arf /min. 
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Where Y = Water use 
(litres/pig/day) 
X = nlll'ber of 
days 
Figure 14 . 6 The relaticnship between mean water use and the ntrri:>er of 
days post w~nq for early weaned pigs at a delivery 
rate of 450 atf /min. 
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Where Y = water use 
(litres/pig/day) 
X = ntrri:>er of days 
Figure 14.7 The relationship between mean daily water use and the 
nurber of days post weaping for early weaned pigs at a 
delivery rate of 350 cnf/rrdn. 
3.0 
2.5 
2.0 
MEAN DAILY 
WATER USE 1.5 
(LITRES PER PIG) 
1.0 
1 3 5 7 9 11 13 15 17 19 21 
(--) 
( ..... ) 
DAYS POST WEANING 
Quadratic regressim line 
Y = 0.659 - 0.0422 X + 0.0053 i 
99\ cmfidence lirrdts for 
mean values of water use 
239 
Where Y = water use 
(litres/pig/day) 
X = number of days 
Figure 14. 8 The relationship between mean daily water use and the 
numer of days post weapinq for early weaned pigs at a 
delivery rate of 175 ant/~n. 
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Where X = water use 
(litres/piqlday) 
Y = number of days 
(P<0.001). 
Discussion 
The results showed that between the delivery rates of 175 and 450 
an3/min there was a significant increase in mean daily feed intake and 
a consequent increase in mean daily live weight gain. Between 450 and 
700 aJ /min there was no significant increase in feed intake or 
liveweight gain. This suggests that rraki.ng the attainrrent of water 
~mre difficult during the three week period post weaning, 
significantly reduced feed intake. The additional water used between 
450 and 700 aJ /min did not result in an increase in feed intake. It is 
not lmown whether this extra water used was actually consuned or 
wasted. In the absence of differences in perfo~ce, it is possible 
that a greater proportion of the extra water used between 450 and 700 
aJ /min than between 350 and 450 aJ /min was wasted. However a greater 
quantity nay have been consuned without it influencing perforrrance 
further. 
It has been reported that the intake of water by pigs like roost 
manrrals is usually correlated with food intake (Anand 1961). That is 
the greater the feed intake then the greater the water intake. The 
results fran the regression analyses of this experiment have indicated 
that feed intake is highly correlated with water delivery rate. Water 
use is also highly correlated with water delivery rate. As a result of 
the positive correlations between these two pairs of factors it is 
suggested that in the case of early weaned pigs 3-6 weeks of age, feed 
intake is positively correlated to water use rather than vice versa. 
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Therefore in the case of piglets, unlike most mammals, feed intake is 
dependent on water intake. Water intake is positively correlated to 
delivery rate or the ease by which the animal attains its water. 
According to the fitted quadratic regression equation of rrean daily 
feed intake against rrean daily water use, the point of maxinrum feed 
intake is achieved when the rrean daily water use over the three week 
period was 1.58 litres per pig. This level of water use results in a 
rrean daily feed intake of 0. 344 kg per pig. Although the quadratic 
regression equation accounted for a higher proportion of the variation 
than did the linear regression line, owing to the fact that only four 
treatrrent levels of water delivery rate have been examined, caution 
nrust be taken when interpreting the results. 
Using the linear regression equation produced frcm the regression of 
water use on water delivery rate the water delivery rate that will 
result in an apparent water intake of 1.58 litres per pig per day is 
655 an3/min. The apparent tirre spent drinking by an animal supplied 
with water at this rate is 145 seconds (water use of 1. 58 
litres/pig/day divided by water delivery rate of 655 aJ;min = 145 s. 
Alternatively drinking tirre can be estimated using the quadratic 
equation derived fran the regression of tirre spent drinking. Fran this 
equation tirre spent drinking to obtain an apparent water uptake of 
1.58 litres/pig at 655 an3 would be 140 seconds. 
Increasing the water delivery rate fran 655 to 700 an3 per minute does 
not result in a further increase in feed intake. However, as the 
relationship between water delivery rate and water use is linear there 
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is a corresponding increase in water use fran 1. 58 litres/day to 1. 63 
litres/pig/day .. _This increase in water use could have resulted fran 
either (or both) increased wastage (as there was no increase in 
perfomance) or fran increased water consumption. The quadratic 
regression of food intake against water use would suggest that after 
1. 58 litres/pig/day increases in water use rray result in decreased 
feed intake. This rray be due to the fact that the piglets gut volume 
is relatively constant fran day to day and therefore an increase in 
water intake would result in a decrease in feed intake. 
At each delivery rate studied, a proportion of the water used was 
wasted. This was established fran visual observations. However, it 
is not !mown what proportion of the water is wasted and whether the 
proportion of wasted water rerrains a constant proportion of water 
delivery rate. Figure 14.9 shows a roodel has been put forward as an 
explanation of the relationship between water delivery rate, water 
intake and wastage, based on the evidence fran this experirrent. 
Although tmproven it assumes that all the extra water use above a 
delivery rate of 655 cm3/nnn was wastage. 
It has been shown that in order for a piglet to use 1.58 at 655 aJ;nnn 
it IIU.ISt spend 145 s per day drinking. At lower delivery rates it has 
been shown that piglets spent trore tirre drinking to achieve lower 
levels of water intake. At 450 aJ;nnn 175 s was spent drinking 
resulting in a water use of 1.32 aJ;pig/day. If the pig was prepared 
to spend 210 s/day drinking at that delivery rate it would achieve a 
water use of 1.58 litres/pig. It was seen that at 175 cm3/nnn the 
piglets were prepared to spend only 268 s per day drinking, that is 
insufficient time to produce a sinUlar intake at a delivery rate of 
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Figure 14.9 A suggested m:xlel of the relationship between water 
delivery rate, water intake and wastage. 
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655 700 
450 an3 /min as at 655 an3 /min. 
It is not possible to explain this observation fran the infomation 
available fran this experiment. It nay be due to one of several 
factors, such as the differences in water wastage at each delivery 
rate. It could also be related to the differences due to the delivery 
rate in the interval between drinking bouts, the length of the 
drinking bout or the size of the thirst reinforcement of the drinking 
bout. It is tmknown whether the haneostatic mechanism is fully 
developed at this early stage which nay account for the piglets not 
spending sufficient time drinking to achieve that level of intake 
which on average naximises feed intake. Also conditioned drinking 
behaviour resulting fran synchronous and cyclical suckling patterns, 
and social facilitation nay have prevented piglets spending longer 
individual periods drinking on their own. Any single or canbination of 
the above factors nay account for the piglets failing to achieve the 
opttmum level of intake of 1.58 litres at the lower delivery rate. 
Although the relationships between the n\.D'IIber of days post weaning 
and water use at each delivery rate is highly significant, it does not 
adequately describe the pattern of water use during the first two 
days. At each delivery rate, low water use on the first day was 
followed by a rapid increase in intake on the second day. It is 
possible that the piglets nay have experienced difficulty in locating 
the drinkers imnedi.ately post weaning, or the tra1.111a of weaning per se 
nay have produced lower than expected water use. It could also be due 
to an imrature haneostatic mechanism. Consequently a negative water 
balance on the first day post weaning resulted in a greater than 
expected water use on the second day to restore the water balance. 
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This phenarenon was similarly measured in Experinent 4 for the four 
treabrent diets. It was also reported by Brooks et al., (1984), and 
Gill et a1.(1986). 
As Experinent 4 was undertaken lmder similar conditions, carparison of 
the two experiments is possible. The water delivery rate in Experiment 
4 was 175 an3/min. The mean water use over the period 3-5 weeks for 
Experiment 9 was 0. 526 litres/piglet per day. For the same period in 
experiment 4, the mean water use was 0.604 litres/piglet per day. To 
test whether these values are significantly different or not, it is 
necessary to ccmpare regression lines produced fran the quadratic 
regression of water use on days post weaning. 
Experinent 4: 
y = 0.311 + 0.0158 X + 0.00234 i 
Experiment 9: 
y = 0.379 - 0.0135 X + 0.0053 i 
Where y = water use (litres/pig/day) 
x = number of days post weaning 
calculate T-ratios: 
t-ratio of intercept = 0.379-0.311 = 1.658 P>0.05 
0.041 
t-ratio of b1 = -0.0135-0.0158 = -3.406 P<0.01 
0.0086 
t-ratio of b2 = 0.0053-0.00239 = 7.27 P<0.001 
0.0004 
The results of this CCJlilarison show that the intercepts fran the two 
equations are not significantly different (P>0.05). However, the 
pattern and rate of increase of water use with the number of days post 
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weaning is significantly different (P<0.01). The difference is most 
likely due to the fact that the regression equation in Experiment 4 
was derived fran the data recorded between three and five weeks, and 
that for Experiment 9 between three and six weeks. If we consider only 
the first two weeks data post weaning for Experiment 9 then quadratic 
regression produces the following equation: 
y = 0.417 - 0.00275 X + 0.00441 i 
Standard deviation intercept = 
b1 = 
b2 = 
0.0539 
0.01655 
0.001073 
Calculation of T-ratios shows this line to be not significantly 
different fran that in Experiment 4. 
As the results fran Experiment 4 were fotm.d to be not significantly 
different fran Experiment 9, and Experiment 4 was carpared in depth 
with other studies, a canparison of the results of Experiment 9 with 
other studies is not included here. 
It has becam increasingly apparent that canparison with conterrporary 
work is not easy because of the number of factors affecting water use, 
and disagreerents in data for particular classes of pig are difficult 
to explain when the rrain determining parameters of water use are 
ani tted in these studies. 
An experiment very similar to this experiment was conducted by Hoppe, 
Libal and Wahlstran (1988) to investigate the effect of water flow 
rate fran nipple drinkers on weaned pig perfornance. SUperficially 
their results appear to be contrary to the results of Experiment 9. 
Crossbreed pigs weaned at 21-28 days were kept 6 or 12 per pen and 
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allowed drinking water fran nipple drinkers with water flow rates 70 
or 700 ml/min. They reported that water flow rate or density of 
housing did not affect pig perfornance. The pigs allowed the lower 
water flow rate tended to be at the drinkers roore often and drank for 
longer at each contact. In their study they fotmd that the piglets 
adjusted their behaviour in order to get adequate water intake and, 
therefore, had comparable perfornance to their counterparts on 
unrestricted water flow, (Table 14.4). 
Table 14.4 The effects of water delivery rate on weaned pig 
perfomance, (Hoppe et al., 1988). 
Treatments 
No. Pigs/Pen Flow rate (ari /min) 
6 12 70 700 
Daily gain 381 367 363 386 
Daily feed intake 603 567 581 590 
FCR 1.59 1.56 1.59 1.53 
AI though there were fotmd to be no statistically significant 
differences between the treatments, numerical perfornance appeared 
superior in the snaller group and with higher flow rates. If the daily 
gains and feed intakes in Table 14.4 are carpared directly with the 
results of Experiment 9, it can be seen that the rrean perfomance of 
the pigs in the .P.merican experiment is considerably higher than 
Experiment 9 (feed intakes are alroost double). This nay account for 
the discrepancy in the results. The experiment of Hoppe et al., (1988) 
covered the period fran 4 to 8 weeks of life whereas Experiment 9 
investigated the period of 3-6 weeks of life. It is possible that the 
significant effect on perfomance of decreased delivery rate shown in 
Experiment 9 nay occur during the earlier weeks of life. After six 
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weeks of age, the piglets are prepared to spend more time drinking at 
the lower delivery rate in order to achieve that level of water intake 
which allowed maximum feed intake and performance. Indeed experiments 
6, 7, 8 and SA investigating the effects of water delivery rate an 
growing-finishing pigs showed that performance was unaffected by 
delivery rate. The stage of growth studied by Hoppe et al. ,{1988) may 
relate to a period extending sufficiently long after weaning for 
compensatory growth to occur and hence for the overall performance of 
the piglets to appear to be not significantly affected by delivery 
rate. 
In another experiment Nienaber and Hahn {1984), investigated the 
effects of delivery rates of 100, 350, 600 and 850 and 1100 aJ min an 
the water use and performance of pigs weaned at 4-5 weeks, growing 
over a 4 week period. There was no significant effect of water 
delivery rate an body weight gain, feed intake or feed conversion. 
Water use increased as flow rate increased, and time spent drinking at 
100 ml/min increased nearly four fold above the average time spent 
drinking by the other treatments. These results agree with those of 
Hoppe et al., {1988). The growth period studied is similar to Hoppe et 
al. ,(1988) and again different fran that studied in Experiment 9. 
Nienaber and Halm (1984), concluded that as water use increased with 
water delivery rate, while time spent drinking remrined constant 
between 350 and 1100 aJ/min, water waste, rather than consl.IITPtian 
increased with flow rate. This observation is supported by the report 
of Olssan (1983) that lower water use was related to less water wasted 
not less water consumed. He found that water use decreased as flow 
rate decreased; however, feed intake and growth rate remained 
unaffected. This would appear to support the explanation of the 
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significant increase in water use after 450 aJ /min without a 
corresponding increase in performance, in Experiment 9. 
Carlson and Peo (1982), found that the growth rate and feed conversion 
ratio of newly weaned pigs irli>roved with increased water flow rate in 
one experiment but a low flow rate was adequate in a second 
experiment. In a similar experilrent to Experiment 9, Shurson (1989), 
reported significant improvements in growth rate during the first and 
third weeks when pigs received water at 700 versus 70 an3/min. 
It is concluded fran this experilrent that between- the water delivery 
rates of 175 and 450 aJtmin there is a significant increase in feed 
intake and growth rate. This deroonstrates the irli>ortance of a readily 
available water source during the period inmediately post weaning in 
the commercial situation. 
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Experiment 10: A carparisan of water use bebreen four water delivery 
rates of group housed pregnant SONS. 
Introduction 
Experiments 6, 7, 8 and SA investigated aspects of the effects of 
water delivery rate on the water use of growing and fattening pigs. 
In brief, the results fran these experiments indicated that 
significantly less water was used at lower delivery rates without any 
measured detrimental effects on perfornance. Conversely, the results 
fran Experiment 9, investigating the use of water by early weaned pigs 
at different delivery rates, showed that water use was also less at 
lower delivery rates, but that in this age of pig the lower water 
consurrption resulted in a significant reduction in feed intake and 
daily live weight gain are significantly reduced. 
Infomation on the water use of gestating sows is minimal . The aim of 
this experiment was to investigate the effects of four different water 
delivery rates on the water use of sows at different stages of 
gestation. If the water use of sows were found to be affected in the 
same way as that of growing pigs, a reduction in water use achieved by 
a lower delivery rate, could result in a large reduction in total farm 
water consurrption, due to the relatively large mass of the sow and its 
consequent water requirement. 
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Materials and Methods 
Ezperimental Design and Treatments 
The water use of group housed gestating sows, supplied with water fran 
four Arato 80 drinkers at four water delivery rates was investigated. 
The four treatment water delivery rates were as follows: 
1 565 aJ/min 
2 925 aJ/min 
3 1325 aJ /min 
4 2650 aJ /min 
A diagram of the Arato drinker used is illustrated in Figure 1.3. 
The experiment was conducted over a period of 16 weeks between the 
period July to November 1988. As the particular housing used is 
subject to varying environmental te!'lperature and therefore by the 
clinatic trend in te!'lperature between July to November the 
experimental design was a 4 x 4 Latin Square in order to acco\.Ult for 
the effects of te!'lperature variation on water use. The treatment 
delivery rates were replicated four times and in four 4 week periods 
according to a Latin Square design. Consequently, at the end of the 
experiment each treatment would have occurred once in each period. 
Aninals and Housing 
The experimental aninals consisted of the total nunber of gestating 
(Large White x Landrace) sows and one Large White Boar of the Seale-
Hayne College Farm herd. The mean parity of the herd was 6.2. The 
nunber of aninals in the group studied during the 16 week trial period 
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varied fran 58 to 71, the mean being 63. 5. As there were four Arato 80 
Drinkers supplying water to the group this equated to approxinately 
one drinker per 16 aninals. It must be noted that although the number 
of aninals remained relatively constant, because the experiment 
progressed over a large time period (approxinately the sarre as the 
gestation period of the sow), the individuals IIBking up the population 
were changing weekly. That is those in the later stages of pregnancy 
were being rerroved to farrowing accanrodatian and recently served 
aninals were being introduced fran the service area. 
The housing consisted of a covered concrete area divided approxinately 
in half by a dense concrete block wall. One half of the building (the 
sleeping area) was bedded with straw daily. The other half of the 
building (the feeding and drinking area) was not bedded and 
mechanically scraped out daily. The four drinkers were equally spaced 
along the dividing wall in the feeding and drinking area). The sows 
were fed fran two automatic computerised feed stations, (Porcode Ltd.) 
which were housed in the sarre area as the drinkers. 
The building was block walled to a height of 2.4 m. Above that poorly 
naintained cladding helped to protect the aninals fran the weather. 
Consequently, the aninals were subject to variations in environmental 
terrperature, according to wind speed, wind direction and ambient 
terrperature. The bedded sleeping area was protected fran the weather 
to a much greater degree than the feeding area. The dimensions of the 
housing are as follows: Bedded area: 24 X 6 m 
Feeding area 19 X 6 m 
The four Arato 80 drinkers m:nmted an the dividing wall between the 
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Table 15.1 Prox:inate and mineral analyses of the feed used in 
Experilrent 10 
Dry matter (\) 
Digestible energy (MJ/kg IM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash ( g/kg IM) 
calcium (g/kg DM) 
Phosphorous ( g/kg DM) 
Magnesium (g/kg DM) 
Sodiun (g/kg DM) 
Potassium (g/kg DM) 
Chloride (g/kg DM) 
89.2 
13.0 
19.4 
83.0 
288 
61.0 
92.0 
12.5 
8.5 
3.6 
1.6 
12.7 
2.1 
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sleeping and feeding areas were aligned at a 15• decline fran the 
horizontal position. Different water delivery rates in the 
drinkerswere achieved by varying the size of the internally fitted 
plastic apertures in the drinkers. The delivery rates selected were 
checked weekly and renained within 5\ of the naninal values. The 
pressure head of water was 10 m. 
The sows were identified with transponder collars and were 
individually ration fed at the two carputerised feed stations. The 
mean feed intake during the trial was 2. 34 ± 0. 36 kg per sow per day. 
Individual sows were rationed according to stage of gestation and body 
condition. A proprietary diet, D62K (J. Bibby and Son Ltd.) was fed 
throughout the trial . The proxirrate and mineral analyses of the feed 
are presented in Table 15.1. The allocated ration of each sow was 
divided into two daily feeds. The two feeding cycles began at 0700 hrs 
in the rooming and 1900 hrs in the evening. In the event that the sow 
failed to consume all her feed allowance in the first feed cycle, the 
allowance was carried over into the second cycle. Underconsumption in 
one day was not carried forward into the following day. 
Experimental Procedures 
Water use at the four drinkers was rretered using previous calibrated 
Kent PfM-L rreters and was recorded daily at 1000 hrs. Delivery rates 
were altered according to the experimental design every Monday at 1000 
hrs. 
The n\.I!Tber of aninals within the group was recorded daily along with 
the daily feed consumed, which was available fran the feed c~ter 
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printout. The terrperature within the building was continuously 
monitored using a previously calibrated thennoqraph positioned in the 
building. 
Results 
Water use, apparent time spent drinking and water to feed ratio data 
for each treatment delivery rate are presented in Table 15.2. Analysis 
of variance of the data showed that water delivery rate had a 
significant effect on water use (P<O .002). Water use at the highest 
delivery rate was significantly higher than at any other delivery 
rate. There was no significant difference in water use between the 
delivery rates of 925 and 1325 aJ /min nor between 565 and 925 aJ /min. 
However there was a significant difference between the delivery rates 
of 565 and 1325 cm3/min. 
Water delivery rate had a significant effect on water to feed ratio 
(P<O .005). Water to feed ratio was significantly greater at the 
highest delivery rate than at any other. There was no significant 
difference in water to feed ratio between 925 and 1325 nor between 565 
and 925 ~/min. There was a significant difference between the 
delivery rates of 565 and 1325 cm3/min. Table 15.2 also shows data for 
apparent time spent drinking. This was calculated by dividing the 
water use by the water delivery rate. The data shows that there was a 
highly significant decrease in apparent time spent drinking as the 
delivery rate increase (P<0.001). More time was spent drinking at the 
lower delivery rates. 
The mean daily tmperature of the building varied between 6.2 and 
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Table 15.2 Water use and water to feed ratio of ration fed,group 
house«:! pregnant sows supplied with water at four water 
delivery rates. 
Treatmen~elivey rate 
/min 
565 925 1325 2650 S.E.D p 
Water use 9.8~ 10.24ab 10. 7ff 12. 2sC 0.35 0.002 
(litres/sow/day) 
Water to 4.1-f 4.34ab 4.6~ 5.3t 0.20 0.005 
feed ratio 
Apparent time 1047.~ 664.t 481;t 227. rf 96.6 0.001 
spent drinking 
(s/pig/day) 
a,b,c, means bearing the same superscipt are not significantly 
different (P>O.OS) 
Table 15.3 Mean daily water use and mean daily house tenperature for 
the four periods of the experiment. 
Period 
(weeks) 
1-4 5-8 9-12 13-16 S.E.D p 
Water use 12 .orJ 10.4t 10 .sff 1o.oat 0.35 0.005 
(litres/sow/day) 
Mean daily 17 .d' 15.llb 11.7t 9.6d 0.85 0.001 
Tenperature ("c) 
a,b,c,d, means bearing the same superscipt are not significantly 
different (P>O.OS) 
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23.2"C, (Figure 15.1) .. Mean daily tenperature decreased during the 
course of the experiment. 
Table 15.3 presents data for water use and mean daily tenperature for 
the four 4 week periods. Analysis of variance of the data showed that 
mean daily water use was significantly (P<O .005} affected by the 
period in which the water use was measured. It is likely that the 
decrease in tenperature illustrated in Figure 15.1 is responsible for 
the significant decrease in water use through the experimental 
periods. Analysis of variance of the mean daily temperatures for the 
four periods showed that tenperature was significantly. different 
between each of the four periods of the experiment (P<0.001). 
Linear regression of the daily mean water intake against water 
delivery rate gave the following equation: 
y = 9.2 + 0.00116 X R2 = 30.6% 
Standard deviation of the intercept 
gradient 
~ where Y = 
X = delivery rate (arr/rrdn) 
P=0.001 
= 0.259 
= 0.00016 
water use (litres/pig/day) 
This relationship is shown in Figure 15.2. The coefficient of 
deterrrdnation was relatively low 30.6%, indicating that the line only 
accotmted for a snall proportion of the variation. Analysis of 
variance of the line showed that it was a highly significant 
representation of the data (P<0.001). 
Multiple regression of the daily mean water intake against water 
delivery rate and mean house temperature gave the following equation: 
y = 7.02 + 0.0012 X1 + 0.159 X2 ~ = 42.0\ P=0.001 
standard deviation of intercept = 0.559 
b1 = 0.00016 
b2 = 0.037 
Where y = water use (litres/pig/day) 
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Figure 15 .1 The variation in house tenperature during the course of 
the experiment. 
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Figure 15.2 The relaticnship between nean daily water use and water 
delivery rate for pregnant sows . 
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Where Y = water use 
(litres/pig/day) 
X = delfvery rate 
(an /min) 
Xl = delivery rate (aJ/min) 
X2 = house teflilerature (·c) 
Incorporating teflilerature in the regression analysis increased the 
coefficient of variation fran 30. 6% to 42.0% indicating that 
tert"perature had a significant effect on water use. When the regression 
sums of squares was divided between the two regressors it was fol.md, 
that of the 42% variation that was accotmted for by the line, 10.4% 
was attributed to variation in teflilerature. Analysis of variance of 
the line showed that it was a highly significant representation of the 
data. 
Linear regression of the daily mean apparent tirre spent drinking 
against delivery rate gave the following equation: 
Y = 1056- 0.32 X ~ = 71.7% p = 0.001 
Standard deviation of the intercept = 30.02 
gradient = 0.019 
Where Y = apparent tirre sp:rt drinking (s/pig/day) 
X = delivery rate (an /min) 
This relationship is illustrated by Figure 15.3. The coefficient of 
determination was relatively high indicating that the line accotmted 
for a relatively high proportion of the variation. Analysis of 
variance of the line showed that it was a highly significant 
representation of the data. 
The coefficient of determination of this regression is considerably 
higher than that of the linear regression of water use against 
delivery rate, (71.7% canpared with 30.6%). This would suggest that 
the amotmt of tirre spent drinking was more dependent on delivery rate 
than was water use. 
Quadratic regression of tirre spent drinking produced the following 
equation: 
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Figure 15.3 The relationship between mean total daily time spent 
drinking and water delivery rate for pregnant sows. 
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y = 1669 - 1.31 X + 0.000295 i "£( = 88.9% P=0.01 
Standard deviation of intercept = 50.35 
b1 = 0.0761 
b2 = 0.0000225 
Where Y = apparent time s~t drinking (s/pig/day) 
X = delivery rate ( /min) 
This relationship is also illustrated in Figure 15.3. The coefficient 
of determination of this equation was higher than that of the 1 inear 
regression showing that the quadratic line accounted for a greater 
proportion of the variation. Analysis of variance of the line showed 
it to be a highly significant. representation of the data. According to 
the fitted quadratic regression equation of time spent drinking to 
delivery rate, the point of minimum time spent drinking is found to be 
at 2220 cm3/min. The apparent time spent drinking at this delivery rate 
is 214.6 s/sow/day. 
As house tE!flilerature has been shown to account for a significant 
proportion of the variation, it has been included in a multiple 
regression with delivery rate and delivery rate squared against 
apparent time spent drinking to give the following equation: 
Y = 1569 = 1.32 Xl + 0.0003 X12 + 8.2 X2 "£( = 89.3% 
Standard deviation of intercept = 63.3 
bl = 0.08 
b2 = 0.0000239 
b3 = 2.866 
Where Y = apparent time spent drinking (s/pig/day) 
Xl = delivery rate (cm3/min) 
X2 = terrperature ("c) 
P=0.001 
A further regression analysis was undertaken, to investigate the 
relationship between water use and house temperature at each delivery 
rate. This analysis is given in Table 15.4. 
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Table 15.4 Regressicm of mean daily water use ~t mean daily t~ture for pregnant sONS 
supplied with water at delivery rates of 565 I 925 I 1325 and 2650 an3/min. 
Treatment Regressioo. equatioo. R2 standard deviatim of: p intercept b1 
565 an3/mi.n y = 7.69 + 0.167X 0.080 7.9\ 1 . 221 0.0916 
925 an3/min y = 7.85 + 0.164X 0.040 26.4\ 0 .766 0.0518 
1325 an3/mi.n Y = 9.41 + 0.111X 0 . 230 2.3\ 1 . 223 0.0895 
2650 an3/min Y = 9.77 + 0.19X 0 .029 14.9\ 1 .151 0.0819 
Where Y = Water ~e (litres/pig/day) 
X = Mean daily terrperature (degrees C) 
As water use fran the four drinkers was metered separately, it was 
possible to show whether there was a preference for any particular 
drinker, that is whether water use fran the drinkers was significantly 
different. The drinkers were ntmlbered 1 to 4 fran the east end of the 
building. The proportion of the daily water dispensed fran drinkers 1 
to 4 was respectively 35.09, 24.32, 19.67 20.92 ± 1.1, (P<0.001) 
Drinker number 1 dispensed a significantly greater arrount of water 
than drinker nurnber 2 which dispensed significantly more water than 
drinkers 3 or 4 (P<0.001). There was no significant difference between 
the water dispensed fran drinkers 3 and 4. 
This suggests that the position of the drinker in the house 
significantly affected the aroount of use made of it by the housed 
sows. 
Discussion 
To sumrarise, the results showed that as the delivery rate of water to 
gestating sows was increased, water use increased significantly. It 
was found that at the lower delivery rates, in order to achieve their 
required water intake, the sows were prepared to spend significantly 
more time drinking. Because of the design of the investigation it was 
not possible to relate drinking behaviour/water consumption to 
reproductive perfolTIBllce. Consequently, the difference in water use 
between the high and low delivery rates cannot definitely be 
attributed to wastage. However, there were no visible effects on 
behaviour of the sows as a result of reducing the delivery rates. In a 
pilot study, reducing water delivery rate to 200 aJ /minute 
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considerably increased the level of aggression within the sow group. 
This low rate increased the aroount of time required for each 
individual sow to drink its required intake, and therefore increased 
the car;>etitian for the available drinkers. Because of these adverse 
effects an behaviour it was necessary to cease experimentation at this 
delivery rate. Therefore, it is likely that there may be differences 
in the degree of competition and therefore aggression at the drinkers, 
between the high and low delivery rates. 
The results have provided sane basic data on the use of water by group 
housed dry sows supplied with water at four different delivery rates. 
Figure 15.2 shows that over the range of delivery rate studied, the 
mean water use of dry sows 1 ies between 9 to 13. 5 1 i tres per sow per 
day with 99.9% confidence. Bare of the variation illustrated by Figure 
15.2 was related to variation in terrperature. OWing to the type of 
drinker studied, it is likely that a proportion of the measured water 
use was wastage, and it is possible that this wastage fraction 
increased with increased delivery rate. 
In a study of water cons\ll'li)tion and slurry production of dry and 
lactating sows, Lightfoot et al., (1984), showed rrean daily water 
cons\ll'li)tion of dry sows to be 10.0 1 i tres with a range for individual 
sows being 6.8 to 13.1 through their pregnancies. The above study was 
slightly different to Experiment 10 in that the water use of 
individually crated sows was recorded. Also the sows used a nose 
operated drinker to dispense water into the feed trough so water usage 
recorded was actual intake with no wastage fraction. Lightfoot et al., 
(1984), amttted to measure temperature and therefore a closer 
cc:rrparisan of data is 1 imi ted. However Table 15 . 2 showed the rrean 
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water use for the delivery rates 565 and 925 aJ/min was 9.86 and 10.24 
litres/pig/day respectively. There was no significant difference 
between these means. Pooling the data fran these lower delivery rates 
gives a rrean value of 10.05 litres/pig/day. This figure is 
approxirrately the same as the rrean figure presented by Lightfoot et 
al., (1984). As the water use figures given by Lightfoot are actual 
use figures it can be suggested that either little wastage occurred at 
the two lower delivery rates studied in experiment 10, or that the 
water requirement of the sows was not satisfied due to an element of 
wastage. There rray also have been different requirements for water 
related to differences in nutrition. The contribution of water 
supplied as drinking to the total slurry produced was similar for both 
experirrents. At the higher delivery rates the element of wastage is 
increased. It is not possible to recommend a particular delivery rate 
for sows as behaviour/we! fare and perforrrance of the experirrental 
anirrals was only subjectively IOOili tared in this experirrent. Both of 
these issues would have to be studied in detail before producing a 
recommendation on mininrum delivery rate. 
The variation illustrated by Fi~e 15.2 is variation in rrean daily 
water use recordings. No measurement was rrade of individual variation 
of water requirement within the group, whereas Light foot measured the 
individual gestational water requirement of sows. The group of 
experirrental anirrals in Experiment 10 consisted of sows at different 
stages in gestation. Friend (1971) recorded the water intake of 
pregnant gills and sows offered ad libittun feed. Over two reproductive 
cycles it was seen that water and feed intake increased during the 
first three weeks post conception, but decreased towards the end of 
pregnancy. This was similarly reported by Madec (1985), who found that 
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the average daily water cansUJi>tion of pregnant sows decreased 
significantly from 7.9 to 5.6 litres/sow.day. Therefore there is 
likely to be large individual variation in the group water use figures 
treaSured in Experiment 10. 
The results from this experi.ment have shown that the environmental 
terTilE!rature significantly affected the amotmt of water used, within 
the range 6 to 23"C. Motmt et al., (1971) investigated the water 
cansmption of pigs between 7 to 33"C and concluded that only at 
terTilE!ratures in excess of 30"C was there a significant increase in 
water intake. These results were supported by a report by Close et 
al., (1971). However, Hanes et al., (1967), exposed growing pigs to 
terrperatures of either 9, 20 or 30"C and showed that water 
requirements per kg body weight increased linearly with increasing 
terTilE!rature. 
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Part 3: An evaluation of feed intake as a predictor of water use 
Experiment 11: The effect of four levels of feed an the water intake 
of grONi.ng pigs. 
Introduction 
Experirrents undertaken in this research programre, like IOOSt of the 
conterl'pOrary work have measured water use rather than actual water 
intake, where water use includes an unknown Ca!ilonent of waste. In 
carparing experirrental results suppositions have ·been rrade about the 
existence and the extent of the waste fraction depending upon any 
measurable differences in perforrrance. It has been canoonly assumed 
that where differences in water use have occurred with no differences 
in perforrrance, then the extra water consumed was wastage rather than 
intake. It is unknown whether this assumption is correct. One of the 
objectives of Experirrent 11 was to obtain sane definitive inforrration 
concerning the water intake of growing pigs. 
Liquid feeding systems for feeding pigs are becaning increasingly 
canoon. Recarmendations of water:feed ratio for these systems have 
been rrade from experimentation with non wet-fed pigs. That is, water 
use from drinkers has been measured, together with dry feed 
consumption, and used to calculate a water to feed ratio for wet-fed 
pigs. Water to feed ratios calculated in this way rray be over 
estirrated as they include an element of waste which does not occur 
with wet-fed pigs. Also recannendations of this nature rrake no 
allowance for the amount of water a pig rray choose to consume with its 
269 
feed. 
The second objective of Experiment 11 was to be able to prescribe 
water intake to feed intake ratios for wet feeding systems and also to 
investigate how nuch water pigs choose to consume with their food (at 
what ratio) and how nuch water is consumed at times other than feeding 
times. 
The third objective of the experiment was to evaluate the use of feed 
intake and metabolic live weight as predictors of water intake, and to 
investigate the effects of different feed levels on the total water 
intake and water to feed ratio of the pigs. 
Materials and Methods 
Experi.mental design and treabrents 
The water intake of growing pigs fed at four different feed levels 
according to scales based on metabolic body weight (rJl· 75 ) was 
investigated. The four treatment feed levels were as follows: 
1. 80 g/kg rJ· 75 
2. 90 gfkg rJ.75 
3. 100 g/kg rJ· 75 
4. 110 g/kg rJ· 75 
The four treatment feed levels were replicated through four groups of 
ani.rrals, four pens and in four time periods according to a 4 x 4 
Graeco Latin Square design. Every fourteen days the four groups of 
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animals and the four treatment feed levels were rotated arotmd the 
four pens according to the design so that at the end of the 
experiment, each group of animals and each treatment would have spent 
one fourteen day period in each pen. This design of experirrent differs 
fran the classic Latin Square arrangement in that it pennits a three-
way control in variation of the experirrental tmi ts as opposed to a 
two-way control . The contribution to error made by both the pen effect 
and animal group effect are accounted for. 
An:iJral s and housing 
The pigs were individually weighed at the start of the trial and ear 
tagged for identification purposes. Four groups of Large White X 
(Large White X Landrace) pigs consisting of two gi 1 ts and two boars 
(initial mean weight 27 . 2 ± 2. 3 kg) were assigned to the four 
treatment pens, balancing groups according to weight, in a performance 
test house. The pigs were housed in the test house for five days prior 
to the start of the trial in order to accustom them to the environment 
and feeding and drinking systems. 
The pigs were individually fed in troughs fitted with Arato 74 push 
button drinkers. The delivery rate fran the drinkers was 1500 an3/min. 
Water was available to the pigs ad libitum throughout the day fran the 
push button drinkers in the feed troughs. Water was supplied fran a 
closed reservoir water system giving a water pressure head of 4 m. The 
water use was monitored through previously calibrated Kent PSM-L water 
meters. The feed used was fornulated fran wheat, barley and soya to 
meet A.R.C. (1981) nutrient requirements for growing pigs and was 
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Table 16.1 Proxirrate and mineral analyses of the feed used in 
Experirrents 11 and 11A 
Dry natter (%) 
Digestible energy (MJ/kg DM) 
Crude protein (g/kg DM) 
Crude fibre (g/kg DM) 
Neutral detergent fibre (g/kg DM) 
Oil (Acid hydrolysis) (g/kg DM) 
Total ash (g/kg DM) 
calcium (g/kg DM) 
Phosphorous ( g/kg DM) 
Magnesium (g/kg IM) 
Sodium (g/kg DM) 
Potassium (g/kg IM) 
Chloride (g/kg DM) 
85.2 
15.4 
20.8 
29.0 
129 
25.0 
71.0 
15.0 
10.3 
1.5 
2.6 
5.5 
3.1 
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presented in rreal form. ProxiJYBte and mineral analyses of the feed are 
given in Table 16.1. 
The pigs were housed in pens which carprised a kennelled solid floor 
lying area and an open, slatted, dtmging area. 
The temperature of the test house was continuously recorded using two 
previously calibrated Thennographs positioned as close to the pigs as 
possible but remaining out of their reach. 
Experimental procedures 
The pigs were weighed at the start of the experiment and then every 
seven days, using a previously calibrated weigh crate. The water 
meters were read four times per day before and after each feed. Water 
remaining in the troughs after 'between feed periods' was measured and 
recorded. Uneaten feed and water mixtures were weighed and analysed 
for dry JYBtter allowing the-calculation of the proportion of water and 
feed in the mixture. The pigs were fed twice per day at 0830 hrs and 
1600 hrs. The pigs were allowed ad libitum water with their feed. The 
pigs feed allowance was adjusted weekly following weighing. 
Results 
The health of the experimental aniJYBls was good, with no deaths nor 
incidence of scour. The mean daily temperature varied frcm 13.4 to 
17.6"C during the trial period. 
Pig performance and water intake data is presented in Table 16.2. 
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Table 16.2 Water intake, and performance of growing pigs fed at four 
different levels of feed, according to metabolic scales. 
Feed level 80 90 100 110 S.E. 0 g/kg metabolic 
weight 
Total water 3.29 3.45 3.53 3.60 0.14 
intake (1/pig/day) 
Ratio of total 2.65 2.43 2.21 2.08 0.09 
water to feed 
Water consumed 2.18 2.19 2.15 2.19 0.10 
between feeds 
(1/pig/day) 
Water consumed 1.13 1.26 1.39 1.42 0.05 
with feed 
(litres/pig/day) 
Ratio of water 0.89 0.89 0.88 0.83 0.02 
consumed with feed 
to feed 
Mean live weight 0.38~ o.55t 0.568' o. 1orJ 0.018 
gain (kg/day) 
Mean F.C.R. 3.34 2.58 2.80 2.42 0.13 
Mean weight 41.50 41.76 41.89 41.97 0.34 
(kg) 
a,b means bearing the same superscript are not significantly 
different (P>0.05). 
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p 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
0.03 
N.S. 
N.S. 
Analysis of variance of the data showed that there were no significant 
differences between the treatment means for total water intake, total 
water to feed ratio, water consumed between feeds, water consumed with 
feed, water consumed with feed to feed ratio, mean feed conversion 
ratio and live weight during the experiirental period. The lack of 
significant differences of sane of the parameters measured may have 
resulted fran the cross over effects of the feed 1 evel experiment 
increasing the size of the variation within a treatment. That is, at 
the end of a period, the groups of anirrals on different treatment feed 
levels would be of different weights. This may have affected water 
intake as this is related to body weight. A significant difference in 
live weight gain was fotmd between the lowest feed level and the other 
three (P< 0.03). However, this level of significance was not as high 
as expected due to the reasons out 1 ined above. 
Despite the lack of significant differences, it is possible to 
identify sane trends fran the data in Table 16.2. As the feed level 
increased fran 80 to 110 g/kg il· 75 so too does the total water intake 
increased fran 3.29 to 3.6 litres/pig/day. When carpared with other 
data it nrust be stressed that the figures presented in Table 16.2 for 
water intake, contain no element of waste. It can be seen that the 
difference in total water use is accotmted for by the difference in 
water consumed with the feed. Table 16.2 shows that the ratio of water 
consumed with the feed to feed varied fran 0.83 to 0.89 for the four 
feed levels. 
The relationship between water intake and the parameters of feed 
intake, metabolic live weight and treatment feed level have been 
investigated using linear, quadratic and multiple regression analyses. 
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Table 16.3 ~icm of mean daily water intake ~t mean daily feed intake, metabolic 
we1ght, and treatment level of feed intake. 
Regressicm equation R2 standard deviaticm of: p intercept bl. b2 
y = 0.44 + 2.03Xl 0.001 54.5% 0. 709 0.466 
y = 7.85- 8.28Xl + 3.45Xl2 0.001 67.3% 2.966 4.062 1.353 
y = -0.447 + 0.239X2 0.001 63.2% 0. 768 0.0463 
y = 6.86 - 0.673X2 + 0.0278X22 0.001 65.1% 5.519 0.685 0.0208 
y = 2.36 + 2.72 Xl - 0.031X3 0.001 66.2% 0.997 0.493 0.0128 
y = -1.26 + 0.238X2 + 0.0087X3 0.001 62.1% 1.292 0.0469 0.0111 
Where Y = Mean daili water intake ~litres)pig/day) 
Xl = Mean dai y feed intake kJ/pig 
X2 = Metabolic live weight (Kg o 75 
X3 = Treatment feed level (g/kg W · ) 
The results of these analyses are presented in Table 16.3 
Analyses of variance of the linear regression lines of total water 
intake against feed intake and metabolic live weight proved both lines 
to be highly significant representations of the data (P<0.001). 
However, the higher coefficient of determination of the equation, 
describing the relationship between water intake and metabolic live 
weight shows that a greater proportion of the measured variation was 
accotm.ted for by the line. (R2 of 63.2% ccmpared with 54.5%). When 
quadratic regression analyses were tm.dertaken, the coefficient of 
determination increased only slightly for the relationship between 
water intake and metabolic weight (63.2% to 65.1%), and to a greater 
degree for the relationship between water intake and feed intake 
(54.5% to 67 .3%). Analysis of variance of the quadratic lines shows 
that they are highly significant representations of the data and 
therefore it is suggested that the quadratic relationships describe 
the data more accurately. These relationships are illustrated by 
Figures 16.1 and 16.2. 
Multiple regression of water intake against feed intake and level of 
feed, and water intake against metabolic weight and level of feed 
intake both produced equations which analysis of variance proved to be 
highly significant representations of the data. The coefficients of 
determination of these equations showed that a similar proportion of 
the variation was accotm.ted for as the quadratic regressions ( 66.2% 
and 62 .1%). 
In order to try and improve the precision of the predictive equations, 
a multiple regression analysis was tm.dertaken for the quadratic of 
metabolic weight with treatment level of feed intake, and also the 
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Figure 16.1 The rel ationship between rrean daily water intake and 
mean daily feed intake of growing pigs 30 to 60 kg. 
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Where Y = water intake 
(litres/pig/day) 
X = feed intake 
(kg/pig/day) 
Figure 16.2 The relationship between mean daily water intake and 
metabolic live weight of growing pigs 30 to 60 kg. 
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(KG) 
Where Y = water intake 
(litres/pig/day) 
X = metabolic 
live weight 
(kg) 
quadratic of feed intake with treatment level of feed intake. The 
results are as follows: 
1. ~' = 6. 95 - 0.826 Xl + 0.0324 Xl2 + 0.0120 X2 
~ = 65.8% p = 0.001 
Standard deviation of intercept 
b1 
b2 
b3 
Where Y = water intake (litres/pig/day) 
Xl = metabolic weight (kg) 
X2 = treatment level of feed (g) 
= 5.468 
= 0.6922 
= 0.02102 
= 0.01071 
Analysis of variance of the line proved it to be a highly significant 
representation of the data. canbining treatment level of feed with the 
quadratic of metabolic weight only ITBrginally increased the 
coefficient of determination (65.1% to 65.8%). Ninety per cent of the 
65.8% of the variation accounted for by the line came from metabolic 
weight. 
2. ";t = 9.61- 7.43 X1 + 3.4 Xl2 - 0.0305 X2 
~ = 80.6% p = 0.0001 
Standard deviation of intercept = 2.356 
b1 = 3.145 
b2 = 1.044 
b3 = 0.0097 
Where Y = water intake (litres/pig/day) 
Xl = feed intake (kg/pig/day) 
X2 = treatment level of feed (g) 
Analysis of variance of the line proved it to be a highly significant 
representation of the data. canbining treatment feed level with the 
quadratic of feed intake considerably increased the coefficient of 
determination (80.6\ carpared with 67.3%). This multiple regression 
line therefore gave the JOOSt accurate representation of the 
experimental data. The relationship between mean daily water intake 
and mean daily feed intake at the four different levels of feeding is 
illustrated in Figure 16.3. 
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Figure 16 .3 The relationship between mean daily water intake and 
mean daily feed intake of growing pi gs 30 to 60 kg at 
four different levels of feeding. 
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(1) 80 g/ kg W0.75 
(2 ) 90 g/kg W0.75 
(3) lOO gjkg W0.75 
(4) 110 g/kg W0.75 
Linear regression of water to feed ratio against treatment level of 
feeding produced the following equation: 
Y = 4.2 - 0.0196 X rt = 30.0% P = 0.016 
Standard deviation of intercept = 0.687 
gradient = 0. 0072 
where Y = water to feed ratio 
X = treatment level of feeding (g/kg .J.75) 
The relatively low coefficient of determination shows that the line 
does not accotmt for much of the variation. This variation was partly 
attributed to the variation in rretabolic live weight. Analysis of 
variance of the regression line showed it to be a significant 
representation of the data. 
Discussion 
The results of the experirrent have produced sare definitive data 
describing the water intake of growing pigs. The rrean water intake of 
growing pigs of rrean weight 41 kg was fotmd to lie between 3.29 and 
3.6 litres/pig/day, depending on the level of feed intake. The 
increase in water intake resulted fran rrore water being cons\.D'Tled with 
the food. Water consumed between meals was relatively constant. The 
extra water consumed rray be a result of htmger (that is it rray be 
contributing to gut fi 11) or fran social faci 1 i tation. C<rrparati ve 
data concerning the use of water by pigs tmder different conditions is 
readily available, however, there is still a paucity of inforrration 
relating to actual water intake. Experiments have been tmdertaken such 
as one by Barber et al., (1958), where actual water intakes were !mown 
because they were predetermined and therefore do not represent actual 
water requirement. Many other experiments, for example Gill (1989) and 
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Barber et al. I ( 1963) I have all owed free access to water but fran 
drinking devices which allow wastage. 
Total water to feed ratio was found to lie between 2.65:1 and 2.08:1 
depending on the treatment level of feed. This is a greater ratio than 
that reccmnended by the A.R.C. report (1981) I which suggested that the 
water requirerrents of growing pigs could be 100t in wet feeding systems 
by mixing the feed at the ratio of two to one. Clearly these 
reccmnendations do not agree with the water to feed ratios calculated 
fran ExperiiOOnt 11. Presently there is no data published on the water 
to feed ratio a pig would select if it were allowed to do so. In this 
experiiOOnt the pigs mixed their own water with food to produce a 
ratio of 0.83-0.89:1. 
In an experiiOOnt carried out by Plagge and Leuteren~ (1989) comparing 
three different methods of feeding and watering one of the treatiOOnt 
methods was to feed the pigs dry feed in a hopper with an ad libitt.D'Il 
nipple drinker roo1.mted inside the trough. It appears that this 
treatment 100thod was very similar to that used in ExperiiOOnt 11 and 
therefore a direct c~rison of results is possible. Plagge et al. I 
(1989) IOOasured the water intake of growing/fattening ad libitum fed 
pigs of IOOan weight 64.5 kg to be 5.0 litres/pig/day. Using the linear 
and quadratic regression equations produced earlier relating water 
intake to metabolic live weight, the water intake of a 64.5 kg pig was 
fotmd to be 4.99 and 5.94 litres/pig/day respectively. These figures 
are close to the intake 100asured by Plagge et al. I (1989) I bearing in 
mind that the figures had to be extrapolated fran the data of 
experiiOOnt 11. Metabolic live weight has been used as a predictor 
rather than feed intake because pigs in one of the studies were 
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ration-fed and those in the other were ad libitum. 
One of the original objectives of the experiment was to determine 
whether feed intake or live weight (rretabolic) was the better 
predictor of water intake. However, in retrospect it was realised, 
that because of the design of the experiment, it was not strictly 
possible to do this because the pigs were ration fed on a scale 
according to rretabolic live weight. The two predictors to be catq>ared 
were therefore confot.mded. Had the pigs been fed ad libitum then this 
comparison would have been possible. 
Figure 16.1 illustrates the quadratic relationship between daily feed 
intake and rrean daily water intake of growing pigs. According to the 
fitted quadratic equation the point of ndnimum water intake was found 
to be at a feed intake of 1. 2 kg/day. The calculated water intake at 
this feed intake was 2. 88 litres/pig. This interpretation is sarewhat 
confot.mded by the fact that pigs of different live weights rray have 
been receiving the sarre arrount of feed because they were on different 
treatment feed levels. Therefore, it is difficult to determine whether 
the higher water intakes at feed intakes less than 1. 2 kg/pig/day were 
a gut filling response or as a result of higher live weight. Figure 
16.2 illustrates the relationship between rretabolic live weight and 
daily water intake. The quadratic relationship gives a slightly better 
representation of the data however the ndnimum value of water intake 
does not occur within the weight range studied. Therefore, within the 
weight range studied water intake increased with increasing rretabolic 
live weight. 
The results show that water intake is lower at higher levels of feed 
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rraking the water to feed ratio lower. Figure 16.3 illustrates the 
relationship between mean daily water intake and mean daily feed 
intake of growing pigs according to the four treatrrent feed levels. 
Water intake at the same feed intake is different according to the 
level of feed intake. Within the range 80 to 110 g/kg WJ· 75 , an 
increase in the level of feed intake of 10 g/kg tJI· 75 results in a 
decrease in water intake of 0.305 ·litres/pig/day. 
Under norrral conditions animals show a close and positive correlation 
between the atrount of a particular feed eaten and the amJunt of water 
consumed, (Leitch and ThcrrQ?son, 1944: Chew, 1965). However in an 
experiment investigating the effects of food on drinking behaviour of 
growing pigs, Yang et al., (1981), showed that when feed supply is 
suddenly reduced, water use increases significantly and when feed 
intake is increased water intake decreases slightly. The water use of 
pigs of mean body weight of 31.8 kg increased from 2.6 litres/pig/day 
at a feed intake of 1.5 kg/day to 3.55 litres/pig/day at 0.8 kg 
feed/day. This drinking behaviour was attributed to abdani.nal filling 
by Yang et al., (1981), as growing pigs have large appetites relative 
to their body size and therefore hungry pigs over-drink water to 
satisfy gut fill. Kutsher,(1973) suggested that feed deprivation 
polydipsia is not observed in all animals and is probably of 
psychological rather than physiological origin. 
Yang et al., (1984), showed that pigs whose live weight increase from 
27.8 to 68.6 kg over a nine week period fed on a decreasing level of 
nutrition of 115 to 83 g/kg Wl· 75 decreased their rate of turn over of 
water. However a second group of pigs whose 1 i ve weight increased from 
30.6 to 59 kg over the same period fed on a scale decreasing from 94 
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to 60 g/kg rJ· 75 increased their rate of water turnover. They suggested 
that the extra water intake was not for hareostatic purposes, but was 
probably caused by htmger. It was concluded that the pigs exhibited 
polydipsia when the daily feed intake decreased below 73 g/kg WJ· 75 . 
The results of Experiment 11 are, in principle, in agreement with 
those of Yang et al.,(1984) and Yang et al.,(1981,) in that water 
intake was increased at lower rates of feed. However tmlike 
the report of Yang et al., (1984) Experirrent 11 suggests a linear 
decrease in water intake according to level of feed. This difference 
may have been due to the fact that Yang et a1.,(1984) investigated the 
effect of decreasing level of feed whereas Experirrent 11 compared four 
levels of feed intake. Also Yang et al., (1984) measured water use 
rather than water intake. 
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Experinent llA: The effects of four levels of feed an the water use 
of growing pigs. 
Introduction 
This experiment was conducted in parallel with Experiment 11 in the 
san-e experimental building at the san-e time. The main difference 
between the two experiments was that the way in which the water was 
supplied. In experiment 11, water was supplied via push button 
drinkers positioned over the feed trough so that water wastage was 
negligible and therefore water dispensed was actual water intake. In 
this experiment water was supplied by bite type drinkers (as in rrany 
canrercial grower/fattener units) and therefore measured water use 
consisted of water intake and water wastage. 
The objective of running this experiment parallel to Experiment 11 was 
to be able to rrake close c~risons between the water intake and 
water use figures fran the two experiments. It was hoped that such a 
CCJTQ?arison would enable sane quantification of wastage fran drinkers 
or an assessment of the efficiency of the drinker type. 
Materials and Methods 
Experimental design and treat::ments 
The water intake of growing pigs fed at four different feed levels 
according to scales based on metabolic body weight was investigated. 
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The four treatment feed levels were as follows: 
1. 80 g/kg Wl· 75 . 
2. 90 g/kg WJ.75 
3. 100 g/kg Wl· 75 
4. 110 g/kg Wl· 75 
The four treatrnent feed levels were replicated through four groups of 
anirrals, four pens and in four time pericxis according to a 4 x 4 
Graeco Latin Square design. Every fourteen days the four groups of 
animals and the four treatrnent feed levels were rotated arO\md the 
four pens according to the design so that at the end of the 
experiment, each group of anirrals and each treatment would have spent 
one fourteen day period in each pen. This design of experiment differs 
from the classic Latin Square arrangement in that it pernri.ts a three-
way control in variation of the experimental mri ts as opposed to a 
two-way control. The contribution to error rrade by both the pen effect 
and anirral group effect are accounted for. 
An:imils and housing 
The pigs were individually weighed at the start of the trial and ear 
tagged for identification purposes. Four groups of Large White X 
(Large White X Landrace) pigs consisting of two gilts and two boars 
(initial mean weight 24. 3 ± 1. 6 kg) were assigned to the four 
treatment pens, balancing groups according to weight, in a perforrrance 
test house. The pigs were housed in the test house for five days prior 
to the start of the trial in order to accustom them to the environment 
and feeding and drinking systems. 
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The pigs were individually fed in troughs. Water was available ad 
libitum to each pen fran a single Arato 80 bite drinker (Figure 1.3), 
IOO\.Ulted on variable height brackets. The height was initially set at 
0. 5 m fran the gro\.Uld as specified by the manufacturer, drinker height 
being increased by an equal aiOO\.Ult in each pen to rraintain the 
recannended drinking attitude as the pigs grew. The drinkers were 
aligned at 15 • decline frcm the gro\.Uld. 
Water was supplied frcm a closed reservoir water system giving a water 
pressure head of 4 m. The water delivery rate of the drinkers was set 
at 600 an3/min. The delivery rate was checked weekly and was fo\.Uld to 
remain within 5% of the naninal value. The water use was IOOni tored 
through previously calibrated Kent PSM-L water meters. The feed used 
was fortm.llated fran wheat, barley and soya to meet A.R.C. (1981) 
nutrient requirements for growing pigs and was fed in meal form 
Proxirrate and mineral analyses of the feed are given in Table 16.1 
The pigs were housed in pens which ccrrprised a kennelled solid floor 
lying area and an open, slatted, d\.Ulging area. 
The temperature of the test house was continuously recorded using two 
previously calibrated theriOOgraphs positioned as close to the pigs as 
possible but remaining out of their reach. 
Experimental procedures 
The pigs were weighed at the start of the experiment and then every 
seven days, using a previously calibrated weigh crate. The water 
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meters were read daily at 0830 hours. The pigs were fed twice per day 
at 0830 hrs and 1600 hrs. The daily meal allowance was mixed with an 
equivalent weight of water to facilitate cons'l.II'I'Ption. This was 
necessary for the pigs to cons'UIT'e all of their ration. Uneaten feed 
and water mixtures were weighed and analysed for dry natter allowing 
the calculation of the proportion of uneaten feed. The pigs' ration 
was adjusted weekly according to their weight. 
Results 
The health of all experimental a.nirrals was good, with no deaths nor 
incidence of scour. The mean daily temperature varied fran 13.4 to 
17.6"C during the trial period. 
Pig perforrrance and water intake data is presented in table 17 .1. 
Analysis of variance of the data showed that there was a significant 
difference in water use between each of the treatment feed levels 
(P<0.001). That is a higher total water use was recorded at the higher 
treatment feed level. Vohmtary water use was unaffected by the level 
of feed intake, and therefore the significant difference observed in 
total water intake was a result of the difference in the cuoount of 
water provided involuntarily with the feed and which was directly 
related to the cuoount of feed received. 
The significant difference between the treatments shown by Table 17.1 
in mean daily live weight gain was a direct result of the treatment 
feed level and was expected. Similarly there was a significant 
difference in am:>unt of feed intake between the four treatments. 
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Table 17.1 Water use, and perfo~ce of growing pigs fed at four 
different levels of feed, according to metabolic scales. 
Feed level 80 90 100 110 S.E.D p 
g/kg metabolic 
weight 
Total water 2. 92a 3.15b 3.45c 3.54d 0.09 0.001 
use (litres/pig/day) 
Vol \ID.tary water 1. 74 1.77 1.95 1. 76 0.02 N.S. 
use (litres/pig/day) 
Feed intake 1.1sa 1.3j 1. 44c 1.6gl 0.013 0.002 
(kg/pig/day) 
Total water 2,6j 2.4t 2.3ab 2 .oif' 0.03 0.017 
to feed ratio 
Mean 1 i veweight 0.31t 0. 517b 0.534b 0. 661c 0.017 0.001 
gain (kg/day) 
Mean F.C.R. 3.27 2.65 2.80 2.67 0.06 N.S. 
Mean weight 36.51 38.21 36.97 41.01 0.34 N.S. 
(kg) 
a,b,c,d means bearing the same superscript are not significantly 
different (P>0.05). 
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Feed conversion ratio and rrean live weight were not significantly 
effected by treatment feed level. 
Water to feed ratio was increased significantly with increasing level 
of feed ( P<O. 05) . There was no significant difference between the 
treatment feed level rates of 90 and 100 g/kg rJ· 75 • 
The relationship between water use and the parameters of feed intake, 
metabolic weight and treatment feed level were investigated using 
linear, quadratic and multiple regression analyses. The results of 
these analyses are presented in Table 17 . 2. Analysis of variance of 
the linear regression lines of total water use against feed intake and 
metabolic live weight showed that only the regression analysis 
between feed intake and water use was a significant representation of 
the data, (P<O.OS). Analyses of the quadratic relationships between 
water use against feed intake and metabolic live weight also showed 
that only the regression line of water use against metabolic live 
weight was a significant representation of the data (P<O.OS). The 
quadratic regression analysis increased the value for the coefficient 
of determination fran 21. 2% to 25. 4% suggesting that it acccnmts for a 
greater proportion of the variation. The multiple regression analyses 
of water use against feed intake and level of feeding, and water use 
against metabolic weight produced no significant regression lines. 
Similarly multiple regressions including the quadratic of the two 
parameters produced no significant regression lines. 
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Table 17.2 Rem:essicm of I'IIE!IIID daily water use ~t I'IIE!IIID daily feed intake, metabolic 
weight, and treabnent level of feed mtake. 
Regressicm equation R2 p 
y = 1.59 + 1.20Xl 0.041 20.7\ 
y = 5.63 - 4.64Xl + 1.87Xl2 0.050 26.4\ 
y = 1.49 + 0.117X2 0.121 10.3\ 
y = 10.6 - 1.103X2 + 0.0389X22 0.157 13.3\ 
Y = 1.54 + 1.18 Xl - 0.0007X3 0.142 14.6\ 
y = 0.02 + 0.103X2 + 0.0176X3 0.173 11.9\ 
Where Y = Mean dailf water use (litres/J;>ig/day) 
Xl = Mean dai y feed intake (kg/plg) 
X2 = Metabolic live weight (kg) 0 75 X3 = Treatment feed level (g/kg W · ) 
standard deviaticm of: 
intercept bl. b2 
0.765 0.541 
2.889 4.065 1.290 
1.093 0.0705 
7.596 1.009 0.0328 
1.471 0.736 0.0199 
1.699 0.0709 0.0157 
Discussion 
The results of this experiment are similar in nature to those of 
Experiment 11, namely that total water use was significantly increased 
with increasing level of feed. This increased water use was a result 
of water imbibed during feeding, non-prandial water use being similar 
for the four treatment feed levels. There was a significant decrease 
in total water to feed ratio as level of feed increased. If Tables 
16.2 and 17.1 are c~ared the similarity between the results can be 
observed. 
It was noticed that for this experiment the differences between the 
treatments, for the parameters mentioned above, were considerably 100re 
significant than in Experiment 11. Also when c~aring the results of 
the regression analysis it was noticed that the regression lines 
produced fran the data of Experiment 11 were more significant and 
better representations of the data than the regressions of this 
experiment. The reasons for these differences are unknown. In 
hindsight it was realised that this experiment was less similar to 
Experiment 11 than had been intended. The fact that the am:llmt of 
water given with the feed was predetermined meant that pigs were 
unable to select their preferred water to feed ratio and that in order 
to consume their allocated ration it was necessary to consume all the 
water given with the feed. The experiment would have been better had 
the pigs been allowed to mix their own water with their feed fran push 
button trough drinkers in a similar nanner to those in Experiment 11. 
The objective of nnming this experiment alongside Experiment 11 was 
to try and produce sane carparable data of water use and water intake 
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in order that the efficiency of drinkers in supplying water to pigs 
could be dete~ned and possibly some definitive data could be 
produced on the proportion of water wasted fran drinkers. In order to 
do this, data must be ccrrpared fran the two experiments. Table 17.3 
presents mean data fran the two experiments. A two way analysis of 
variance has been undertaken to analyse the data using the factors of 
period and experiment in an additive model . 
Table 17.3 shows that there was no significant difference between the 
two experiments for total water use, feed intake, total water to feed 
ratio, mean live weight gain or mean feed conversion ratio, (P>0.05). 
The mean live weight of the aninals used in Experiment 11 was 
significantly greater than those of Experiment lla, (P<0.001). The 
greater live weights of the animals in Experiment 11 are responsible 
for the numerically higher values for total water use, feed intake and 
mean live weight gain. 
The linear regression lines of total water use against feed intake 
derived fran the two experiments, are ccrrpared below: 
Experiment 11: Y = 0.44 + 2.03 X 
Experiment 11a: Y = 1.59 + 1.20 X 
Where Y = Mean daily water use (litres/pig) 
X = Mean daily feed intake (kg/pig) 
t-ratio of intercept = 1.5 N.S. 
t-ratio of gradient = -1.53 N.S. 
This analysis shows that neither the intercepts nor the gradients of 
the two lines are significantly different (P>O.OS). Figure 17.1 
illustrates the two regression lines. 
It is therefore concluded that there is no significant difference 
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Table 17.3 A comparison of water use and perfo~ce data fram 
Experiment 11 and Experiment lla. 
Mean values Exp. 11 Exp. lla S.E. p 
Total water use 3.47 3.26 0.10 N.S. 
(litres/pig/day) 
Feed intake 1.61 1.40 0.07 N.S. 
(kg/pig/day) 
Total water 2.34 2.39 0.08 N.S. 
to feed ratio 
Mean liveweight 0.553 0.521 0.023 N.S. 
gain (kg/day) 
Mean F.C.R. 2. 79 2.84 0.08 N.S. 
Mean weight 41.78 38.18 0.37 0.001 
(kg) 
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Figure 17 . 1 A carparison between the linear regression lines of 
total water use against feed intake obtained fran 
Experilrents 11 and 11a. 
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Regression line fran 
Experiment 11: Y = 0.44 + 2.03 X 
Regression line fran 
Experiment 11a: Y = 1 . 59 + 1 . 2 X 
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Where Y = water intake 
(litres/pig/day) 
X = feed intake 
(kg) 
between the water intake measured in Experiment 11 and the water use 
measured in Experiment 11a. Also, as feed conversion values for the 
two experiments were not significantly different it is suggested that 
the water use figures measured in Experiment 11 were actually water 
intake figures. Finally it nay be concluded that the contribution rrade 
to the slurry by the supplied drinking water was similar for both 
experimental methods and that very little water wastage occurred from 
the Arato 80 drinker operating at 600 cm3/nnn. 
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Part 4: Determination of the peak water dEmmd periods. 
Introduction 
When planning water supplies to pig units it is necessary to know the 
pattern of water demand throughout the day. It is iJ:Tportant to know 
whether peaks in demand occur, how 1 arge they are and when they occur. 
This inforrration is needed when choosing pipe diarreters for supplying 
water to pig units and for evaluating the effects of these high demand 
periods on rural water supplies. Also when designing low pressure 
water supply systems, the size of the high demand peaks will dictate 
the capacity of the water reservoirs used. The predisposing causes of 
any peaks need to be identified in order that they rray be reduced or 
their effects on the rural network can be minimised. 
Experiments 12 and 12A are the results of the rroni toring of the 
pattern of water use of two systems which were prirrarily running for 
other reasons and were therefore not experiments initiated for the 
sole purpose of monitoring water demand. It had only been intended to 
obtain SCI!l"e basic data to describe the pattern of water use and 
therefore experimental details and statistical analysis are brief. 
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Experiment 12: The circadian pattern of water use by lactating sows. 
Materials and Methods 
Experimental design 
The pattern of water use in a commercial farrowing house was monitored 
over a period of twenty one days. 
Animlls and housing 
The building contained 14 Large White X Landrace sows at different 
stages of lactation, housed nainly in farrowing crates. The aninals 
were of different parities and had varying numbers of piglets in their 
litters, (6-14). 
The sows were ration fed according to stage of lactation and the 
numbers of piglets in the litters. The ration was split into two feeds 
given at 0700 hrs and 1600 hrs. 
Water was available to the sows fran Arato 74 push button drinkers 
fitted in the feed troughs of the farrowing crates. The delivery rate 
fran the drinkers ( imraterial to this experiment) was 1000 cm3 /min. A 
water was also available to the piglets, but through a different pipe 
system fran the sows. 
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Experimental procedures 
A calibrated Kent PSM-L water meter was fitted to the water supply 
pipe of the farrowing acccmrodation to record the volume of water 
supplied to the building. Close to the water meter, a video camera was 
rootm.ted and focused on the water meter display. 
A constant time-lapse video recording was made of the water meter 
using a video recorder over the 21 day period. The meter had to be 
illuminated in order to allow the camera to ftm.ction correctly. 
The video tape was played back and stopped every hour to note down the 
meter reading. The percentage of total daily water used in each hour 
was then determined. 
Results 
The results are presented in Table 18 .1. The results show that water 
use by lactating sows during the day is not constant and two peaks in 
constllli>tion occur. These peaks occur during the ninth and nineteenth 
hours of the day. The results are illustrated in Figure 18.1. It can 
be seen that although the derrand for water is not constant, sare water 
is consumed in every hour of the day. Relatively small quantities are 
consumed during the first six hours of the day. It can be calculated 
that approximately 50 \ of the total daily water use occurs in six 
hours of the day. 
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Table 18.1 The proportion of total daily water used in each hour of 
the day. 
Hour % S.E.M 
1 1.49 0.26 
2 1.11 0.29 
3 0.98 0.26 
4 0.63 0.25 
5 0.43 0.14 
6 1.82 0.67 
7 2.41 0.35 
8 5 . 92 1.24 
9 11.79 1.07 
10 6.50 0.63 
11 4.44 0.73 
12 5.42 0.62 
13 4.80 0.76 
14 3.08 0.43 
15 3.09 0.48 
16 3.51 0.50 
17 5 .04 0.84 
18 7.68 1.04 
19 9.20 1.07 
20 6 . 98 0.81 
21 5.20 0.71 
22 3.12 0.43 
23 2.52 0.37 
24 2.85 0.36 
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Figure 18.1 The circadian pattern of water use by lactating sows fed 
twice daily according to stage of lactation and body 
condition 
PERCENTAGE OF 
TOTAL DAILY 
WATER USE 
1 3 5 7 9 11 1 3 1 5 1 7 1 9 21 23 
TIME OF DAY (HOURS) 
( + ) Mean \ values of daily water use 
(--) 99\ confidence limits of individual \ values of daily water 
use 
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Experiment 12A: The circadian pattem of water use by growing pigs. 
Materials and Methods 
Experimental Design 
The pattern of water use of the experimental growing pigs of 
Experiment 11 was rooni tored over the course of the experiment ( 8 
weeks). 
Aninals and Housing 
For details of housing and anirral husbandry refer to the methodology 
of Experiment 11. 
Experimental procedures 
A calibrated Kent PSM-L water meter was fitted to the water supply 
pipe of the experimental test building to record the volune of water 
supplied to the building. Close to the water meter, a video camera was 
m:nmted and focused on the water meter display. A constant time-lapse 
video recording was rrade of the water meter using a video recorder 
over the 8 week period. The meter had to be ilh.uninated in order to 
allow the camera to flmction correctly. The video tape was played back 
and stopped every hour to note down the meter reading. The percentage 
of total daily water used in each hour was then detennined. 
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Table 19.1 The proportion of total daily water used in each hour of 
the day for growing pigs 
Hour % S.E.M 
1 0.45 0.09 
2 0.25 0.05 
3 0.12 0.04 
4 0.07 0.03 
5 0.06 0.04 
6 0.12 0.04 
7 0.07 0.03 
8 0.49 0.19 
9 3.40 0 . 60 
10 11.23 0.66 
11 9.34 0.64 
12 5.85 0.41 
13 6.51 0.47 
14 6.31 0.31 
15 7.32 0.54 
16 12.66 0.98 
17 17.66 0.98 
18 10.06 0.98 
19 2.49 0.37 
20 1.02 0 .12 
21 1.42 0.17 
22 0.98 0.11 
23 1.46 0.18 
24 0.68 0.10 
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Results 
The results are presented in Table 19.1. It can be seen that the water 
use of growing pigs during the 24 hour period is not constant and two 
significant peaks in water use occur. These peaks occur in the tenth 
and seventeenth hours of the day. This is illustrated by Figure 19.1. 
Only very small quantities are consuned during the first seven and the 
last 5 hours of the day. It can be seen that although the derrand for 
water is not constant, sane water is used in every hour of the day. 
Fran Table 19.1 it can be calculated that approximately. 67% of the 
pigs water use is used in only six hours of the day. 
Discussion of Experiments 12 and l2A 
Ccl'!paring Tables 18.1 and 19.1 it can be seen that the standard errors 
for the hourly use of water by the growing pigs were significantly 
lower than those for the lactating aninals indicating that variation 
in water use between hours was greater for the lactating animals. This 
may have been due to variations in physiological status, that is the 
growing pigs would all be of the same status whereas the lactating 
animals would ·have been of different stages of lactation and possibly 
in late gestation. 
For growing pigs (Experirrent 12A) the peaks in water us shown by 
Figure 19.1 occur about 1 hour after feed times whereas for lactating 
sows the peaks did not occur until 2-3 hours after feed times. This 
may have been a result of an increased level of social facilitation in 
the feeding and drinking behaviour of the growing pigs due to being 
kept in groups rather than individually crated as the sows were, (Hsia 
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Figure 19. 1 The circadian pattern of water use by growing pigs fed 
twice daily according a scale based on metabolic 
1 i veweight. 
25 
20 
PERCENTAGE OF 15 
TOTAL DAILY 
WATER USE 
10 
5 
0 
1 3 5 7 9 11 13 15 17 19 21 23 
TIME OF DAY (HOURS) 
( + ) Mean \ values of daily water use 
(--) 99% confidence limits of individual \ values of daily water 
use 
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et al. ,1984). 
The data from Experiment 12, (Figure 18.1) indicated that the peak in 
water use for lactating sows following the first meal was greater than 
that following the second meal. This is in agreement with the data 
presented by Albar et al. ,(1985), on the hourly consurption of 
lactating sows. Conversely, the data in Experiment 12A (Figure 19.1), 
showed that the 100rning peak in water use for growing pigs was less 
than the peak observed following the second meal. Hepherd et 
al., (1983), in an experiment measuring the water use of two herds of 
bacon pigs showed that water use was at a low level from about 
midnight to the time at which the first feed was delivered at about 
0700 hours, the arrount during this period being about 10% of the total 
daily use. Demand rose sharply after the first feed, increased sharply 
to a naxinrum just after the second feed was delivered and then fell 
steeply until midnight. The greater peak following the second meal is 
similar to the findings of Experiment 12A. 
Houpt, Weixler and Troy, (1986), showed that pigs consume a large 
proportion of their water requirement peri-prandially. Haugse, 
Dinusson, Erickson, Johnson and Buchanan, (1965). found that 35% of 
the time, pigs that were presently eating would begin drinking 
imnediately afterwards and also pigs engaged in drinking behaviour 
would 50% of the time subsequently begin eating. 
In an Experiment studying stereotypic behaviour and adjunctive 
drinking of tethered sows, Rushen (1984), showed that the frequency of 
drinking was highest after feeding. Less than one percent of the total 
time spent drinking occurred in the two half-hour periods before food 
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delivery whereas 4-5% of the total time spent drinking occurred in 
each of the two bal £-hour periods after feed delivery. Rushen ( 1984) , 
suggests that stereotypic sequences of behaviour such as post-prandial 
adjunctive drinking rray be a means of reducing the arousal generated 
by the expectation of food. Although the requirement for water is 
satisfied in the post-prandial period, Rushen suggests that there was 
sane evidence of polydipsia. However his methodology would suggest 
there was a difference between drinking behaviour and water 
consumption; that is drinking behaviour was rranipulation of the 
drinker where as actual drinking was a measurement of the duration of 
drinking rather than a measure of water use. 
Bigelow and Houpt, (1988), investigated the feeding and drinking 
patterns of pigs 10-130 kg fed ad libitum. They showed that peri-
prandial water use as a proportion of total water use decreased as 
body weight increased. Between 10-40 kg an average of 94% of total 
water use was peri-prandial whereas at 40-70 kg peri-prandial drinking 
fell to 75%. Overall 75% of the pigs drinking was associated with 
eating of which 27% was pre-prandial, 16% post-prandial and 32% intra-
prandial leaving 25% drunk apart fran eating. These values are 
sanewhat different fran those fran experiments 12 and 12A because of 
the different type of feeding. The anirrals in Experiments 12 and 12A 
were ration-fed at specific times of the day which resulted in a 
higher post prandial fraction. Also intra-prandial drinking was not 
easy to identify and was included in the post-prandial fraction. 
Bigelow et al., (1988), also showed that 68% of water use occurred 
during the 12 hour light period. In Experiment 12, 70. 46% of total 
water use occurred during the light period and for Experiment 12A the 
figure was 92.88%. 
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It was concluded by Bigelow et al., (1988), that the roost significant 
proportion of daily water use is that taken in close association with 
meals because that water irnnediately balances the osootic load that 
the meal represents and prevents large variations in bcxiy fluid 
OSIOOlarity. The results of Experiments 12 and 12A largely tend to 
support the work of Bigelow et al.,(l988). 
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DISCUSSICfi 
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5.1 The Theoretical Requirement for Water 
At the beginning of the literature review, the factorial rrodels of 
Gill, (1989) and Brooks et al., (1990), describing the obligatory water 
losses fran and inputs to growing-finishing pigs were discussed. Both 
authors rrodelled the water balance in a 60 kg live weight pig fed a 
catpounded diet ad libi turn in a therrooneutral environment. In order to 
make a catparison between the theoretical water requirement and the water 
intake measured in this prograi'IIre of research, both rrodels have been 
modified slightly to describe the water losses and gains of a ration fed 
60 kg pig tmder the sarre conditions. These adaptations of the two rrodels 
are shown in Tables 20.1 and 20.2. 
Adapting the rrodel prepared by Gill, (1989) the water intake is calculated 
to be between 1.713 and 3.133 litres/pig/day for a 60 kg ration fed pig. 
Using the rrodel produced by Brooks et al., (1990) the water intake is 
calculated to be 3.48 litres/pig/day. 
Fran the above two rrodels of the theoretical water requirement of a 60 
kg ration fed pig it is suggested that the additional water the anirral 
needs to imbibe to rraintain hareostasis lies sanewhere between 1. 71 and 
3.48 litres/pig/day. Brooks et al. ,(1990) state that the factorial 
estirration of water requirement is neither a reliable nor practical 
proposition as it ass\.DneS that the pig is in good health and is 
naintained in a therrooneutral environment. Under these conditions the 
water demand is probably close to the minimum per unit of food consumed, 
provided that the pigs are fed ad libi turn and no water is used for gut 
fill. The relative contribution of the different inputs and losses to the 
factorial rrodel are extremely variable, and the interactions between 
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Table 20.1 Example of the water balance of a 60 kg liveweight pig 
ration fed at 100 g/kg metabolic weight. 
(Adapted fran Brooks et al. , ( 1990) . 
Water used/lost (ml) Water consuned/forrred (ml) 
Growth(!) 553 Food water( 5) 300 
Respiration(2) 580 Food oxidation(6) 843 
Skin(3) 420 
Faeces(4) 755 
Orine(8) 2315 Water consuned (7) 3480 
Total 4623 Total 4623 
Assi.JIIiltions: 
1. Growth (826 g/d) assumed to be 67% water. (Whittemore and Elsley, 
1979). 
2. Respiration loss assuned to be 0.58 litres/day (Holmes & Mount, 
1967). 
3. Insensible rooisture 1 oss fran skin assumes 13. 4 g/rJ per h at 
therrooneutral tenperature and 7~\ lr as obtained by Morison et 
al., (1967). Surface area= 0.1~· (Brody, 1964). 
4. Ration for a 60 kg pig at 100g w0· 75 2.155 kg (1.85 kg I:M). I:M 
digestibi 1 i ty assumed to be 82% and faecal I:M 35%. 
5. ~und diet assumed to be 14% rooisture. 
6. The diet is assumed to contain per 1000 g fresh weight, Fat 70 g, 
carbohydrate 590 g and Protein 180 g. The protein is assumed to 
have a biological value of 70 therefore 54 g of the protein would 
not be used in protein growth and would be deaminated. Therefore 
the yield of metabolic water per kg feed would be 
Fat 
carbohydrate 
Protein 
g/kg 
70 
590 
54 
water yield/g 
1.10 
0.60 
0.44 
7 • Water intake assumed to be 1. 6 kg per kg feed which was the 
lowest ratio recorded by Yang et a1.,(1981) for pigs fed ad 
libiti.Dtl. 
8. Urine volume derived by difference. 
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Total 
77 
354 
24 
455 
Table 20.2 Example of the water balance of a 60 kg liveweight pig 
ration fed at lOOg/kg metabolic weight. 
(Adapted from Gill,(l989). 
Water used/lost (ml) Water consuned/formed (ml) 
Growth(!} 413 Food water(S) 300 
Respiration(2) 580 Food oxidation(6) 445 
Skin(3} 420 
Faeces(4} 755 
Urine(8) 290-1710 Water consumed (7) 1713-3133 
Total 2458-3878 Total 2458-3878 
Ass\JI'Iiltions: 
1. Growth (826g/d) assumed to be 50% water, estirrated from 
sequential slaughter data (Shields et al.,l983} 
2. Respiration loss assumed to be 0.58 litres/day (HolJreS & Motmt, 
1967}. 
3. Insensible rroisture loss from skin assl..llreS 13.4 g/rrf per h at 
therrroneutral tenperature and 70% ~ as obtained by Morison et 
al., (1967}. Surface area= 0.1~.oJ (Brody, 1964). 
4. Ration for a 60 kg pig at 100g rJ· 75 2.155 kg ( 1. 85 kg IM) . IM 
digestibility assumed to be 82% and faecal DM 35%. 
5. Ccni>Otmd diet assumed to be 14% rroisture. 
6. Metabolic water produced is 7.43 ml/kg W per day. 
7. Water intake derived by difference. 
8. Assuming that urine is 95% water, a pig is expected to have a 
renal water loss of between 4.75 and 28.5 ml/kg W per day, (Dukes 
1984). 
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them, produced by differences in health status, nutrition and the 
envirorunent are· considerable and carplex. However, the anirrals used in 
this experimental programre were of good health and housed in a 
therm:meutral envirorunent, and therefore the factorially estirrated 
theoretical water requirement can be carpared with the actual rreasured 
water intake. 
Of all the experiments in this research, only the results of Experiment 
11 can be carpared to the factorial estinate as only in this experiment 
was actual water intake rreasured. Fran Table 16.3 of Experiment 11 the 
relationship between rretabolic live weight, feed level and water intake 
is given by the regression equation: 
Y= -1.26 + 0.238 Xl + 0.00873 X2 P<0.001 
where Y= Mean daily water intake (litres/pig/day) 
Xl = Metabolic live weight (kg)_~ 75 X2 = Treatment feed level (g/kg w· ) 
rt = 62.1% 
Using the above equation, the water intake of a 60 kg pig fed at a 
rate of 100 g/kg vfl· 75 is found to be 4.74 litres/pig/day. This value is 
significantly greater than the figures carputed fran the adapted roodels 
of Brooks et a1.,(1990) and Gill(1989) for the theoretical requirement 
for water. The mean daily temperature for Experiment 11 varied fran 13.4 
to 17.6 ·c during the trial period which is within the therm:meutral zone 
for a 60 kg pig. Table 16.1 shows the proxirrate and mineral analysis of 
the feed used in Experiment 11, which shows that there were not excessive 
levels of sodiun or potassiun in the diet which would have increased the 
demand for water. 
It is not possible to rrake a further carparison between Experiment 11 and 
other published work as available data concerning the water intake of 
ration fed growing pigs is scarce. In an experiment by Plagge et 
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a1.,(1989) the water intake of ad libitum fed pigs of mean weight 64.5 
kg W was fotmd to be 5.0 litres/pig/day. Gill (1989), calculated the 
theoretical requirement of a 60 kg ad libitum fed pig to be 1. 91 to 3. 33 
litres/pig/day where as Brooks et al.,(1990) calculated the requirement 
of the sarre pig to be 4. 35 litres/pig/ day. Walker, ( 1990) , in an 
experirrent investigating the perfonnance of 10, 20 and 30 pigs per single 
space feeder, the mean water intake for pigs of mean weight 62.3 kg fed 
ad libitum was fotmd to be 4.13 litres/pig/day. Both the experirrental 
values (5.0 and 4.13 litres/pig/day) for the water intake of a 60 kg pig 
fed ad libitum are significantly greater than the theoretical value 
calculated by Gill (1989). The value of 4.13 litres/pig/day rreasured by 
Walker (1990) is close to the theoretical value suggested by Brooks of 
4.35 litres/pig/day, however the mean value reported by Plagge et 
al . , ( 1989) is higher. The different values are stmmarised in Table 20. 3. 
Having compared the theoretical and experirrental values of water 
intake of ration fed and ad libitum fed pigs it would appear that in most 
cases the predicted theoretical water requirements are considerably less 
than the experirrentally rreasured values. A possible explanation for this 
additional water intake which appears to be in excess of requirement, is 
that the pig is drinking in order to satisfy a requirement for gut fill. 
Yang et al., (1981) showed that when feed intake is reduced below the 
level producing physical satiety, the pig increases its water intake. 
Also when a pig is allowed tmrestricted access to food and water it 
maximises the proportion of food that it consumes within its volumetric 
limit (gut fill) consistent with consuming adequate water to naintain its 
haneostatic balance. The pig appears to minimise its demand for water per 
tmit of feed dry natter when it is fed ad libitum. Yang et al., (1981) 
suggests that there ITBY be a daily volumetric limit or a total limit of 
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Table 20.3 A carparison of the theoretically predicted water 
requirement and experimentally measured intake of a 60 kg 
liveweight pig fed ad libitt.m and rationed. 
Ration fed: 
Source 
Adapted fran Brooks et al. , ( 1990) 
Adapted fran Gill,(1989) 
Experiment 11 
Ad Libi turn fed: 
Source 
Brooks et al.,(1990) 
Gill, (1989) 
Plagge et al.,(1989) 
Walker, ( 1990) 
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Value 
(litres/pig/day) 
3.48 
1. 71-3.13 
4.74 
Value 
(litres/pig/day) 
4.35 
1. 91-3.33 
5.0 
4.13 
total dry solids and water intake which is about 19\ of an anirrals 
weight. In later. studies Yang et al., (1984) showed that by gradually 
reducing feed to below 30 g I:M/kg live weight polydipsia was induced. 
However Close et al., (1975} reported that the mean water intake of 
growing pigs was decreased during fasting. Yang et al., (1981) attributed 
this difference to different strains of pig. It was suggested by Yang et 
al., (1981) that polydipsia observed in anirrals deprived of food is 
probably of psychological origin rather than physiological. Water may 
serve as a substitute for food when there is little to eat, apparently 
meeting the need to fill the stomach. 
The canbination of the concept of a limited volurretric intake, the 
suggestion that a pig will minimise its derrand for water per unit of dry 
matter when fed ad libitum and the phenarenon of htmger induced 
polydipsia contradict the findings of .Anand (1961). Anand suggested that 
there was a close positive linear correlation between water and dry 
matter intake in most marmals. Water to feed ratio varies according to 
the feed allowance, the higher ratios being observed at the lower feed 
intakes. This was shown by Experiment 11 where the water to feed ratio 
decreased fran 2. 65:1 at 80 g/kg wJ.7S to 2. 08: 1 at 110 g/kg Wl· 75 • These 
figures are also in agreerrent with the results of Yang et al., (1981) and 
Yang et al., (1984), suggesting that there is a limited volunetric intake. 
It may be possible that the concept of a limited volurretric intake could 
be used as an accurate predictor of water intake in pigs. 
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5. 2 Water Intake 
Fran the previous section it is concluded that water intake is nade up 
of two components: 
(1) Physiological water requirement which can be calculated 
theoretically (Brooks et a1.,(1990) and Gill,(1989}}, 
(2) Water for gut satiety which is dependent on feed intake, as a 
limit to volU!l'etric intake is suspected (Yang et al., 1981). 
WATER INTAKE = WATER REQUIREMENT + GUT FILL 
5.2.1 A constant volumetric intake. 
It was described in the literature review how the physiological water 
requirement may vary according to factors such as .environmental 
temperature and dietary salt content. It may be possible that the gut 
fill fraction of water intake described above allows for deviations in 
physiological water requirement fran that requirement predicted 
factorially under thenroneutral conditions, in order that the pig is not 
physiologically deprived of water. Therefore the way in which water 
intake is divided into physiological requirement and gut fi 11 is 
dependent on physiological requirement and the case may occur when the 
whole of the measured water intake is used to satisfy the physiological 
requirement. Moreover, if it is postulated that there is a finite 
volumetric intake, conditions in which the pigs are considerably heat 
stressed or where dietary salt levels are excessively high, could result 
in a situation where the animals are physiologically water deprived if 
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feed intake is naintained at the sarre level, or if further gut extension 
is not possible .. G}lew (1965) describing water intake concluded: 
''When water is present ad libitum, probably considerable water is used 
to bring about moment-to moment optimum volumes in the body -
figuratively a 'wasteful fine adjustment'." 
On a restricted water intake, water balance is still maintained on a 
long-tenn basis, but probably not as a satisfactorily from moment-to-
moment, (Toates 1979). 
Yang et al., (1981), state that' is ccmron for animals to drink rrore that 
their actual water needs, the extra water intake probably acting as a 
fail safe mechanism for the naintenance of hareostasis'. The water 
described in the current experimental programne as the gut fill fraction 
is the same 'extra water' described by Chew (1965), and Yang et al., 
(1981). 
Mount, (1971) showed that water intake was not significantly increased 
between 7 and 20'C. This could be due to the fact that the gut fill 
fraction was coping with any additional evaporative loss. 
Variations in water:feed ratio of 1.5:1 to 3.75:1 have been shown to 
have little effect on overall performance (Castle et al., 1957). 
Therefore if a pig imbibed water equal to 15% of its live weight when fed 
dry food at 4% of body weight (3.75:1), the aninal need not increase 
water intake until the food intake reached 10% ( 1. 5: 1) of its body 
weight. 
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Yang et al., (1981) suggested a volumetric lirrdt of 19% for pigs of 
mean weight 30 kg •. In Experiment 11 the water intake was measured for 
pigs rationed at four different feed levels over a growth period of 30-60 
kg. Therefore it is possible to calculate volumetric intakes (as a 
percentage of body weight) for Experiment 11 for different levels of feed 
at different live weights. Table 20.4 shows the gut volumetric limit as 
a percentage of live weight for the water intake and feed intake data 
obtained fran Experiment 11. Fran Table 20.4 it can be seen that the mean 
value for volumetric intake as a percentage of body weight is 11.98%. 
Analysis of variance of the data showed that there was no significant 
effect of experimental period (body live weight) on volumetric intake nor 
was there a significant effect of treatment feed level (P>O.OS). However 
as the table below indicates, there seems to be a numerical decrease in 
volumetric limit as the experiment progressed (increase in mean body live 
weight). 
Period 
Mean volumetric intake 
(% of live weight) 
1 
12.74 
2 3 
12.27 11.12 
Fran the data of Experiment 11 it is suggested that there is a 
4 
11.81 
constant volumetric intake to live weight ratio and for this case is 
approximately 12%. This concept is in agreement with the hypothesis of 
Yang et al., (1981) who suggested that pigs had a daily volumetric lirrdt 
which fran their study was fo\m.Cl to be 19%. 
This difference is relatively large and rray be due to one or rrore of a 
number of reasons. Yang et al., (1981) studied only a small m.unber of 
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Table 20.4 Gut volumetric intake: the relationship between daily 
water intake, daily feed intake and body liveweight for 
the data fran Experiment 11. 
Feed Water Weight Gut fill 
Period Treatment (g/pig) (1/pig) (kg) (%) 
1 1 0.990 2.68 29.40 12.48 
1 2 1.093 2.75 29.67 12.95 
1 3 1.317 2.64 32.84 12.05 
1 4 1.350 2.69 30.01 13.46 
2 1 1.120 3.72 35.53 13.62 
2 2 1.240 3.01 35.42 12.00 
2 3 1.458 2.81 37.93 11.25 
2 4 1. 717 3.35 41.42 12.23 
3 1 1.447 3.25 48.94 9.59 
3 2 1.528 3.24 45.39 10.50 
3 3 1.640 3.94 43.13 12.94 
3 4 1. 785 3.25 43.88 11.47 
4 1 1.503 3.52 52.13 9.64 
4 2 1. 797 4.81 56.57 11.68 
4 3 1.910 4.75 53.67 12.41 
4 4 1.999 5.11 52.59 13.52 
Mean Values 1.49 3.47 41.78 11.98 
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pigs, for a very short time period and within a narrow weight range (30 
kg). It is tmclear fran the report of Yang et al., (1981) whether the 19% 
volume includes the wasted fraction of water. The limit to volumetric 
intake will depend on actual gut size. Gut size depends on the type of 
feed used, and its developrrent during the use of a particular feed or 
system of feeding. It rray also vary according to breed of pig. Whi ttemore 
(1987) relates live weight (W) to empty body weight (We) as W = 1.05 We, 
but this is only applicable to rationed pigs fed twice daily. 
In a system where pigs are fed once daily, the gut has to be large enough 
to accanood.ate all the feed in one meal . For ad 1 ibi t1m1 fed pigs, 
(Henderson, Whittemore, Ellis, Snith, Laird and Phillips, 1982), related 
live weight (W) to empty body weight (We) as W = 1.18 We. Stranks et al., 
(1988) cite tmpublished data by McCracken who determined the gut fill of 
20-30 kg pigs fed ad libitum to be W = 1.10 We. Stranks et al., (1988) 
conclude that considerable variations occur in practice between different 
farm and research establishments. Stranks et al., (1988) also conclude 
that the ratio probably decreases with increasing live weight and will 
be lower in the later stages of growth particularly if restriction is 
practised. This is in agreement with the numerical trend observed in 
Experiment 11 in the relationship between increasing live weight and 
volumetric intake. When the volumetric intake is expressed as a 
proportion of empty body weight for Experiment 11, volumetric intake 
still decreased as empty body weight increased. 
The experimental anirrals used by Yang et al., (1988) were of the Large 
White breed whereas those used in Experiment 11 were Large White X 
(Large White X Landrace) progeny. However the difference in volumetric 
intake was ll"Ost likely due to the difference in the form of the feed and 
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the feeding regime. In both experiments the feed was rationed, but Yang 
et al, (1981) used. a 18% protein pelleted diet which was only fed once 
per day. Conversely, in Experiment 11 the ration was divided into two 
feeds and was in a meal fotm. 
In an experiment investigating the effects of water to feed ratios, 
Barber et al., (1963) showed that killing out percentage was 
significantly higher at a ratio of 1.5:1 compared with a ratio of 3:1. 
This difference was attributed to a lower gut fill arising fran the lower 
water intake. However comparing ratios of 2.5:1 and 4:1, Braude et al., 
(1967) found no significant difference in killing out percentage. 
5.2.2 Further evidence to support a theory of constant volunetric intake 
fran studies using growing pigs 
Fram the evidence presented by Yang et al., (1981,1984) and Experiment 
11, there appears to be a constant volumetric limit to the intake of a 
particular type of pig tmder a specific set of conditions. In the case 
of Experiment 11 concerning pigs growing between 30 and 60 kg the value 
for volumetric 1 imi t was fotmd to be 11. 98%. other published data with 
which to nake comparisons is scarce as rarely has feed intake and water 
intake been m:mi to red in the same experiment. Many experiments have 
measured water use but this is of little use when calculating actual 
volumetric intake. However, recently the introduction of a new type of 
feeder, the single space feeder has made more data available describing 
the water intake and feed intake of growing pigs. 
The single space feeder is a hopper feeder containing a push button 
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drinker in the trough, allowing ad libitum access to water. The pigs are 
fed ad libitum either a meal or pellet diet and can mix water with the 
feed as they require it. As all the water dispensed by the drinker falls 
into the trough, wastage of water is minimal and therefore water use 
figures recorded in experiments studying the use of single space feeders 
is very close to water intake. The single space feeding system developed 
on the continent, is beccrning popular because of claims of decreased feed 
wastage and consequent il!ilrovement in feed conversion ratio and decreased 
water wastage resulting in reduction in slurry production. 
Plagge et al., (1989), studied the efficiency of the single space feeder 
concept for a total of 356 pigs in groups of 12 and fm.md the mean water 
intake of growing pigs from 24 to 105 kg to be 5.0 litres/pig per day 
and the mean feed intake to be 2.24 kg/day. The mean volumetric intake 
as a proportion of weight for this experiment can be calculated by adding 
the feed intake to the water intake and dividing the mean 1 i ve weight 
giving a value of 12.1%. This value, despite being calculated over a much 
greater weight range is similar to the value obtained in Experiment 11. 
In an experiment studying the use of single space feeders by groups of 
10,20 and 30 pigs, Walker (1990), at a mean live weight of 62.3 kg found 
mean water intake to be 4.22 litres/pig/day and mean feed intake to 2.28 
kg/pig/day. From these figures mean volumetric intake is calculated to 
be 10.4% of live weight for pigs growing from 34.5 to 89.8 kg. 
In order to gain more information concerning the volumetric intake of 
growing pigs it was decided to undertake a sil!ille experiment measuring 
the feed and water intake of 8 pigs using a Collinson single space 
feeder. The pigs grew between 26.71 and 78.79 kg live weight giving a 
mean live weight of 52.75 kg. Mean water intake was fm.md to be 3.67 
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1i tres/pig/day and mean feed intake of 2.1 kg/pig/day. The mean 
volunetric limit was therefore found to be 10.94 %. Wastage of both feed 
and water was negligible. 
From the evidence presented above, it would seem that the volunetric 
limit for growing/fattening pigs under normal commercial conditions of 
production lies between 10 and 12% and not the 19% value suggested by 
Yang et al., (1981). The term 'normal conditions' needs to be further 
explained. Normal vel umetric 1 imi t refers to pigs reared under 
therrnoneutral , hcrreostatic conditions. It may be that the normal measured 
volumetric limit is increased by factors which increase polydipsia beyond 
that of balancing .gut fill. Excessively high salt or extremes of 
temperature, increasing water loss (either renal or evaporative) beyond 
that catered for by the gut fill fraction described in the earlier 
section, will increase volumetric intake above that described above as 
being normal . 
5. 2. 3 Further evidence to support a theory of a constant vel unetric 
intake from studies using early-weaned piglets 
Piglets are ccmronly weaned at 3 weeks of age. Suckling piglets at 3 
weeks of age obtain as rruch as 80% of their water requirements from water 
in the milk, (Aurraitre, 1964). The process of weaning abruptly separates 
the piglets' water supply away from its source of nourishment. The intake 
of drinking water during this period is therefore of great irrportance and 
has until recently been ignored as the relative quantities involved are 
srrall. 
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When water is not readily available to the piglets, for example under 
conditions of inadequate delivery rate perforrrance nay be affected. Under 
extrerre conditions, the pigs' welfare nay be ccrrpranised. Sul::mi.ssi ve pigs 
nay not satisfy their daily water requirerrents due to increased 
ccrrpetition, and the total time spent drinking nay increase. If water 
intake consistently falls below minimum physiological requirerrents, then 
in order to naintain water balance (mineral hameostasis) the pigs will 
reduce feed intake. Provided the water supply to early weaned piglets is 
not in any way restricted then the optimum balance between water intake 
and feed intake will be achieved. If the diet is correctly specified this 
will in turn result in maximum growth perforrrance. 
In a situation where water availability is restricted, it is possible 
that naking the water rrore palatable by the use of a flavouring rray 
result in increased water intake and a consequent increase in feed 
intake. In a trial conducted at Bicton College of Agriculture 
(Higginbotham,1987), the water intake of piglets during the first three 
days post-weaning increased from 0.5 to 0.57 litres/piglet per day when 
Palasweet was administered in the water. Palasweet is a trade nark of 
Tate and Lyle Industries Ltd. and is nade fran thaurratin. Thaurratin is 
a long chain amino acid and in the dilution used has a very low calorific 
value, acting rrerel y as a water sweetener. In the same experirrent it was 
noticed that daily gain over the first ten days of the experirrental 
period significantly increased from 126 g/day to 143 g/day when Palasweet 
was administered to the drinking water. 
Experirrent 9 investigated the feed intake and water use of 
early-weaned piglets over a range of water delivery rates, greater than 
that reccmnended by the nanufacturers. The results showed that between 
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the delivery rates of 175 and 450 aJ /rnin, there was a significant 
increase in rrean daily water use and a significant increase in rrean daily 
feed intake. Also rrean daily live weight gain increased significantly 
with increased delivery rate. (See Results Table 13.2, Experirrent 9). The 
results fran the regression analyses of experiment 9 indicated that feed 
intake is correlated with water delivery rate and water use also with 
water delivery rate. As a result of the positive correlations between the 
above two pairs of factors, it is suggested that in the case of early 
weaned pigs 3-6 weeks of age, their feed intake is positively correlated 
with water intake, and water intake is positively correlated to the ease 
by which the animal satisfies its thirst. 
The evidence presented above would suggest that in young piglets there 
is not a constant volli!Tetric intake, as increased water intake/use 
results in increased feed intake. However, in both experirrents described 
above, increases in feed intake were achieved by either making the water 
more readily available or more palatable. 
In the case where delivery rate was optirnised maximising feed intake, the 
addition of Palasweet to the drinking water, increased water intake 
further during the first three days post-weaning, but at the expense of 
decreasing the feed intake. (Appendix 1, Trial report to Tate & Lyle, 
' Barber, 1989). Consequently live weight gain for the Palasweet treatment 
pigs during the first week post-weaning was lower than the control pigs. 
This data would suggest that early weaned piglets do have a limited 
volli!Tetric intake, and making the water more palatable in a situation 
where it is unrestricted results in decreased feed intake due to the 
limited volli!Tetric intake. No accurate value can be given for volli!Tetric 
intake, as water use rather than water intake has been monitored, however 
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Figure 20 .1 A tentative model of the relationship between volumetric 
intake, water intake and feed intake 
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the value appears to be greater than that observed for growing pigs. 
Figure 20 .1 shows. a suggested mxl.el of vol unetric intake, water intake 
and feed intake according to the management conditions described above. 
Another interesting and probably very significant feature of Experiment 
9 was the very short time the piglets were prepared to spend drinking 
each day. The pigs on the most restricted delivery rate treatment were 
not prepared to increase their drinking time in order to obtain a greater 
water intake. This evidence would suggest that in the newly weaned pigs, 
the mechanisms controlling water balance and thereby influencing water 
intake are not fully developed. Consequently, the pigs behavioral 
characteristics and the design and operation of the water delivery system 
can becare limiting to perforrrance. If dietary factors increase the water 
demand of the pig beyond its ability or willingness to obtain the 
required water intake, feed intake is depressed and perforrrance suffers. 
5. 2. 4 Envira:nmental tenperature and the vol unetric intake concept. 
It is well docunented that feed intake and growth rate of pigs both 
decrease at high temperatures (Heitrran and Hughes, 1949; Heitrran, 
Kelly and Bond, 1958; Seymour, Speer, Hays, Mangold and Jazen, 1964). 
Sugahara, Baker, Hatm:m and Jensen (1970) showed that feed intake was 
reduced in young pigs from 1.33 to 0.91 kg/pig/day at 33"C compared with 
23"C. An increase in environmental temperature has also been shown to 
increase water intake in addition to decreasing feed intake. Increasing 
ambient temperature from 12-15 ·c to 30-35 ·c gave an increase in water 
consumption per kg live weight of approximately 57\ in pigs of 33.5 kg 
live weight (Mount, Holmes, Close, Morrison and Start, 1971) and of 
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live weight (Motmt, Holmes, Close, Morrison and Start, 1971) and of 
approximately 63%_in pigs of 90 kg live weight (Straub, Weniger, Tawfok 
and Steinhauf, 1976). 
Reduction in feed intake results fran the lower naintenance energy 
requirenent of the pigs and also acts as a means of avoiding the 
embarrassment of ridding itself of metabolic heat. The combination of 
reduced feed intake and increased water intake at high tE!Ili>eratures rray 
be due to the limited volumetric intake. That is the stimulus of thirst 
rray be greater than the stimulus of htmger at high tE!Ili>eratures, the 
reinforcerrent obtained frcm increasing water intake being greater than 
that frcm feeding and as a result of a 1 imi ted volumetric intake feed 
intake is decreased as a result. There is as yet no evidence to prove 
that the observed reduction in feed intake is a result of increased water 
intake. However in an experiment investigating the effects of different 
tE!Ili>eratures on the feed intake and water use of growing pigs fed ad 
libitum Motmt et al., (1971), produced the following results: 
Body weight Feed intake Daily water use 
TE!Ili>erature 
(kg) (kg/pig/day) (litres/pig) ("C) 
37 2.33 5.07 22 
50 l. 70 8.40 33 
When volumetric intake as a proportion of live weight is calculated it 
is fotmd to be 20% irrespective of tE!Ili>erature. This evidence suggests 
that the increase in water use and associated decrease in feed intake rray 
be related to a limited volumetric intake. The figure of 20 % is not 
strictly volumetric limit because it assumes all water used is imbibed 
and no water wastage occurs. This is the roost probable explanation for 
the difference between this figure and the value of 12 % for volumetric 
limit calculated in section 5.2.1. 
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5. 2. 5 Suggesticms for further research 
In the previous ·section it was demmstrated that feed intake is reduced 
in young piglets by the addition of a sweetener to the drinking water. 
Pigs produced for bacon are rationed in their later stages of production 
in order to prevent them fran becaning over fat. Using the concept of a 
limited voh.uretric intake it rray be possible to increase the water intake 
of finishing bacon pigs at the expense of feed intake, effectively making 
the pigs self-rationing. This would have two important consequences: 
(1). As feed would be available ad libitum, with group aggression would 
be decreased particularly at feeding times; 
(2) As feed would not be rationed, the effects of post-prandial drinking 
on the water supply network would be reduced. 
It rray be possible to increase water intake of finishing bacon pigs in 
several ways. First a sweetener or flavour enhancer could be added to the 
water supply. The cost of such inclusions rray not be econanically viable 
but it would be of scientific value to detetnri.ne whether stimulated 
excess water cons\ll'li)tion limits feed intake. Secondly during the period 
in which rationing needs to be imposed, the anirrals could be kept at 
higher t~eratures. This could be achieved by rraintaining high stocking 
rates and decreasing ventilation. Again the success of this rrethod rray 
depend on the external clirrate (season) and requires investigating. 
Thirdly water intake can be increased by rranipulating the mineral (for 
example salt) content of the diet. Obviously this approach necessitates 
careful investigation as excessive dietary inclusions of salt rray result 
in very serious welfare and production problems. Finally, it has been 
shown that increasing the fibre in the diet results in increased water 
intake, in addition to rraking the diet less energy dense. All the above 
are possibilities for using the concept of a limited volumetric intake 
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to self ration pigs. However, they need careful evaluation as although 
the aim is to reduce within group aggression, they have serious welfare 
iJ'Iillicatians. 
5.2.6 The prediction of water intake of raticm fed growing pigs, 
assuninq a limited voluretric intake. 
Table 20.4 suggests that the mean volumetric intake for growing pigs 
is approxirrately 12%. The water intake for a pig rationed at 100 g/kg w0· 75 
kept under norrral the~eutral and hameostatic conditions is given by 
W x 0 .12 - 0 .1 x -J· 75 . Therefore the· water intake for a 60 kg pig is given 
by 60 X 0.12 - 0.1 X 60 0.75 
= 7.2 2~155 
= 5.05 litres 
The predicted values of water intake for pigs of 20 to 100 kg ration fed 
at the same level are given in Table 20.5. 
5.3 Water use and water wastage. 
In the previous section water intake was predicted assuming a limited gut 
volume, however predicted water intake rray differ considerably fran 
actual water use depending on the proportion of waste in supplying the 
water. 
WATER USE = WATER INTAKE + WASTAGE 
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Table 20.5 The prediction of water intake of ration fed growing pigs, 
assuming a limited daily volumetric intake of 12%. 
Liveweight Volumetric Feed Intake Water Intake 
(kg) limit (kg) (kg) (litres) 
20 2.4 0.945 1.455 
30 3.6 1.282 2.318 
40 4.8 1.591 3.209 
so 6.0 1.880 4.120 
60 7.2 2.155 5.045 
70 8.4 2.420 5.960 
80 9.6 2.675 6.925 
90 10.8 2.922 7.878 
100 12.0 3.162 8.838 
Growing pigs rationed at 100g/k~· 75 • 
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5.3.1 Water supply factors affecting water use. 
(i) Drinker. type and design. 
Gill, (1989) showed that water use was significantly higher (75. 6%) fran 
Mono-Flo nose operated drinkers than fran Arato 80 bite drinkers. He 
concluded that as there was no difference in pig perfonrance the 
difference in water use could be attributed to waste. Similarly 
Experiment 6 showed voltmtary water use to be significantly greater fran 
Mono-flo drinkers than fran Arato 80 bite drinkers (35% higher at 
delivery rate of 900 crn3 /min). However, Experiment 5 CCJ"Il)aring four 
different designs of bite drinker showed there to be no significant 
difference in water use. 
It can be concluded that the type of drinker (ie whether bite type or 
nose operated) significantly affects water use and wastage however there 
appears to be no significant difference between different designs of the 
sarre type of drinker. 
(ii) The prediction of waste fran different drinker types 
Table 20.6 CCJ"Il)ares water use by a 60 kg pig fran Arato 80 bite drinkers 
and Mono-flo drinkers measured in Experiment 6, with predicted water 
intake according to the limited voli..Uiletric intake concept and actual 
water intake interpolated fran the data of Experiment 11. 
It can be seen that the quantity of water dispensed by both the Arato 80 
and the Mono-flo drinkers was higher than and differed considerably fran 
both the predicted water intake and the measured water intake. There was 
no significant difference in pig perfonrance between the two drinker 
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Table 20. 6 A Ca!i>arison of predicted water intake and actual water 
intake with measured water use fran two drinker types for 
pigs of 60kg. 
Predicted water intake ( 1 ) 
( fran limited vol urretric 
intake concept) 
Actual water intake (1) 
(interpolated fran 
Experilrent 11) 
Feed level: 110 g/kg w0· 75 
Delivery rate: 600 ;J;min 
Drinker type: 
Mean water use (1) 
(interpolated from 
Experirrent 6) 
Feed level (g/kg w0· 75 ) 
100 110 
5.05 4.83 
Feed level (g/kg w0· 75 ) 
100 110 
4.74 4.83 
Arato 80 Mono-flo 
5.57 6.68 
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types. Fran this it can now be concluded that the Mono-flo drinker wastes 
Jrore water than the Arato 80 bite drinker at a water delivery rate of 600 
an3/min. 
Moreover an estirration can now be made of the waste water fran the two 
drinker types: 
Arato 80: 0. 74 litres was wasted fran a total dispensed of 5.57 litres 
at a mean delivery rate of 600 cm3/min. This is equivalent to 13 %. 
Mono-fl o: 1. 85 litres was wasted fran a total dispensed of 6. 68 litres 
at a mean delivery rate of 600 cm3/min. This is equivalent to 27.7%. 
It must be stressed that this is an estimate of water wastage as it is 
not known whether the pigs actually achieved a water intake of 4.83 
litres/day. If the predicted water intake of 4.83 litres/pig/day was not 
achieved then the proportion of wasted water would be greater. 
( iii) Water delivery rate. 
In addition to ccnparing drinker type, Experiment 6 ccnpared the two 
drinker types at two different delivery rates. The results fran 
Experiment 6 showed that voluntary water use at 900 an3 /min was 
significantly greater than at 300 aJ;min (see below). 
Drinker type 
water delivery 
rate (arr /min) 
Arato 
300 
Voluntary water 2.25 
use (litres/pig/day) 
Mono-flo Arato 
300 900 
2.68 2.97 
Mono-flo 
900 
4.00 
Factorial analysis of the data fran Experiment 6 showed that both drinker 
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type and water delivery rate were significant factors affecting water 
use, delivery rate having a 100re significant effect (P<O.OOl) than 
drinker type (P<O.Ol). 
It can be concluded that delivery rate has a significant affect on 
water use and water waste. 
(iv) The prediction of waste at different delivery rates. 
Experiments 6,7, and 8 have investigated aspects of the effects of 
water delivery rate on the water use of growing pigs and have therefore 
provided a large aiOOunt of data. This data can be canpared with: 
(a) the water intake predictions fran the limited volumetric intake 
concept (section 5. 2 of discussion) and 
(b) with actual rreasured water intake figures fran Experiment 11. 
This canparison is shown in Table 20.7. 
For Experiments 6,7, and 8 there were no significant differences in 
pig perforrrance between the different treatments. It can be seen that the 
water use figures for Experiment 6 for both water delivery rates are 
greater than the predicted water intake and the measured water intake. 
Fran this it can be concluded that 100re water is wasted at the higher 
delivery rate. 
In Experiment 7 100re water was used at the higher flow rate than 
either the predicted water intake or the measured water intake. However 
less water was used at the lower delivery rate with two·drinkers than the 
predicted intake. This would suggest that the pigs were not achieving the 
predicted intake according to the limited volumetric intake concept. 
Water used at the low delivery rate with a single drinker was actually 
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Table 20.7 A Cati>Clrison of predicted water intake and actual water 
intake with measured water use at different delivery rates 
from different experiments for pigs of 60kg. 
Feed level (g/kgWl·75 ) 
Predicted water intake (litres) 
(from limited volunetric 
intake concept) 
100 110 
5.05 4.83 
Feed level (g/kg w0· 75 ) 
Actual water intake (litres) 
(interpolated from 
Experiment 11) 
Feed leve.). · 
110g/kg 'Vf ·15 
Drinker type 
Del~very rate 
(an /min) 
Water use (litres) 
(interpel ated from 
Experiment 6) 
Feed lev~· Drinker number 
100g/kg ·15 Deli~ery rate 
(an /min) 
Water use (litres) 
(interpolated from 
Experiment 7) 
Feed level: 
M aibi tun - Delivery rate 
Water use (litres) 
(interpolated from 
Experiment 8) 
100 110 
4.74 4.83 
Arato Mono-flo 
300 300 
5.19 5.60 
1 2 
300 300 
5.24 4.52 
200 400 
4.22 5.34 
Arato Mono-flo 
900 900 
5.94 7.75 
1 2 
900 900 
6.60 7.92 
700 1100 
5.22 6.62 
Experiments 7 and 8 were \mdertaken using Arato 80 bite drinkers. 
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greater than the measured intake of Experiment 11, suggesting that 
wastage was occurring. 
Estimates of water wastage, (as a proportion of total water dispensed) 
Delivery rate: 300 900 
(an3/min) 
Experiment 6: 10.5% 29.3% 
Experiment 7: -3.4% 30.4% 
It is interesting to note that although m:>re water was used in Experiment 
7 at the higher delivery rate than at the same delivery rate in 
Experiment 6, when the proportion of waste is estimated fran the 
predicted water intake figures I the figures for both experiments are 
aliOOSt identical. This is because the feed levels are different in the 
two experiments naking the water intakes different. This reinforces the 
limited volumetric intake concept I that is waste at 900 aJ /min is 
constant and where a higher feed level is given to the pigs the water 
intake is less, the water use is less and the total waste is less. 
It can be seen fran the results of Experiment 8 1 that as the water 
delivery rate increases so does the water use. It is assumed that this 
increase in water use can be attributed to an increase in waste. It is 
difficult to draw any further conclusions fran this experiment due to the 
feeding regime. The pigs were fed ad libitum in troughs with hoppers. The 
high FCR values would suggest that the pigs were wasting a high 
proportion of feed and accurate feed intake figures are not available. 
Without feed intake figures, water intake cannot be predicted accurate! y 
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fran the limited volumetric intake concept and therefore an accurate 
prediction of waste cannot be made. (Feed intake figures suggest a level 
of feed of 150 g/kg ~ · 75 ) • 
5.3.2 The affect of pig behaviour an water use 
In order to loose heat by evaporation pigs wallow. This behaviour can 
often be observed in hot weather in intensive pig units when pigs prefer 
to 1 ie in dunging passages. To faci 1 i tate this behaviour pigs have been 
seen to hold open water drinkers allowing water to fall onto the floor, 
thus providing a wallow. Vajrabukka et al., (1987) showed that the water 
use of pigs kept in an environment of 30 ·c was reduced fran 6. 7 to 4.0 
litres/pig/day by spraying the pigs with water. However it is unknown 
whether this reduction in water use is due to increased insensible heat 
loss fran the water spray causing a decreased water requirement for upper 
respiratory tract loss, or a decreased drinking water use for wallow 
sinrulation. 
The loss of water due to insensible heat loss obviously forms a variable 
part of the waste drinking water of the water consumed on pig units. This 
is a deliberate waste of water supplied for drinking rather than the 
incidental waste fran poorly designed or installed drinkers. This 
fraction of the water use of pigs may still be a necessary requirement 
of the pigs and if cooling cannot be attained in another rranner then, 
depriving pigs of this water may be detrimental to their welfare. 
WATER USE = WATER IN'rnKE + WASTAGE + BmAVIORAL IID,;!UIREMENI' 
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It may be argued whether or not 'behavioral requirement' is the 
correct tenn for this need of the pigs as wallowing behaviour is actually 
behaviour which satisfies a physiological requirement- the regulation of 
body temperature. 
Intensively-housed pigs exhibit a wide range of stereotyped and other 
tmusual behaviours such as bar biting, chain pulling and drinker 
manipulation (Fraser, 1975). A stereotypic behaviour is an invariant 
sequence of ~rotor acts repeated frequently and without any apparent 
purpose (Kiley-worthington, 1977; Keiper 1969). Stereotyped behaviours 
are troSt apparent in confined sows kept in stalls or tethers ( Jensen 
1980; Vestergaard, 1981). Stereotypic drinker manipulation results in the 
waste of water. In addition to drinker manipulation, polydipsia has been 
evident in tethered sows, a result of adjtmctive drinking (Rushen, 1984). 
Rushen, (1984) suggests that the occurrence of adjtmctive drinking 
results frcan the persistence of feeding trotivation, probably due to 
concentrated feeds failing to provide sufficient stomach distension to 
reinforce the trotivation. This inplies that gut fill is not satisfied by 
the feed alone. Appleby and Lawrance, (1987) investigating the cause of 
stereotypic behaviour in tethered gil ts suggest that stereotypies are 
htmger induced and are worse below a threshold level of 2 kg/pig/day. 
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5. 4 The prediction of water use for growing fj ni shi ng herds 
In order to supply adequate drinking water to pig housing it is i.rr;>ortant 
to be able predict the water use of the pigs on that unit. 
In this section a rrodel has been produced to predict the water denand of 
growing/finishing pigs (20-80 kg) from a lOO sow breeding unit. 
Ass\.llli)tions: 
2.25 litters per sow per year 
21. 4 pigs reared per sow 
4.3 farrowings per week 
daily gain of growing/finishing herd 0.6 kg 
F.C.R. 2.69 
(1) calculate the average m.unber of aninals in the feeding herd at any 
one time: 
pigs produced per year = 21.4 X 100 = 2140 
pigs weaned/sold per week= 2140/52.25 = 40.76 
pigs weaned/sold per day= 40.76/7 = 5.82 
time from 20 kg to 80 kg = 60/0.6 = lOO days 
number of pigs at any one time = lOO X 5.82 = 582 
(2) calculate daily feed intake: 
mean feed intake = F.C.R. X daily gain 
= 2.69 X 0.6 = 1.61 kg 
(3) calculate mean live weight of the pigs: 
initial weight = 20 kg 
slaughter weight = 80 kg 
mean weight = 20 + 80 = 50 kg 
2 
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(4) Calculate daily volumetric limit to intake (12% of live weight): 
50 kg X 12 % = 6 kg 
(5) Calculate water intake: 
mean daily water intake = volumetric limit - feed intake 
= 6- 1.61 = 4.39 kg (litres) of water per pig 
(6) Calculate total herd daily water intake: 
582 X 4.39 = 2555 litres per day 
According to the limited volumetric intake concept the minimum amJtmt of 
water needed to be supplied to the pig tmit tmder therm:meutral and 
mineral hareostatic conditions is 2555 litres per day. This figure is the 
minimum water intake and does not accotmt for factors increasing water 
requirement beyond that required for gut fill (such as variations from 
the norm in diet specification), nor does it allow for any wastage which 
nay occur during the supply of water to the pigs. 
The factors influencing intake and water use were reviewed in Chapter 4 
and can be broadly divided in to two categories: 
1 Factors of a physiological origin, which include: 
(a) feed intake 
(b) body weight 
(c) diet specification 
(d) environmental t~rature 
(e) physiological status 
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2 Factors of supply origin, which include: 
(a) drinker type 
(b) water delivery rate 
The factors of physiological origin alter the requirement for water and 
therefore the water intake irrespective of water wastage. The factors of 
supply origin influence the arrount of wastage and rray carpranise the pigs 
water intake through rralfunction or poor installation. 
5.4.1 The affects of factors influencing water requirement an total water 
intake of the grower herd 
(1) Feed intake: 
If in the above JOOdel, the feed intake increased (mean live weight 
remaining constant), then water intake for the whole herd would decrease. 
Conversely, if feed intake were to decrease then water intake would 
increase. 
feed intake = 2. 0 kg/pig 
water intake per pig = volumetric limit - feed intake 
= 6.0 - 2.0 = 4.0 kg (litres) 
herd intake = 4 X 582 = 2328 litres/day 
feed intake = 1. 4 kg/pig 
water intake per pig = volumetric limit - feed intake 
= 6.0 - 1.4 = 4.6 kg (litres) 
herd intake = 4. 6 X 582 = 2677 litres/day 
(2) Body live weight: 
If mean live weight increased (feed intake remaining constant), then 
water intake would increase. Conversely, if live weight decreased then 
water intake would also decrease. 
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mean live weight = 55 kg 
water intake per pig = volumetric intake - feed intake 
·= (0.12 X 55)- 1.61 
= 4.99 litres 
herd intake= 4.99 X 582 = 2904 litres/day 
mean live weight = 45 kg 
water intake per pig = volumetric intake - feed intake 
= (0.12 X 45) - 1.61. 
= 3. 79 litres 
herd intake= 7.79 X 582 = 2206 litres/day 
If live weight were to increase along with a corresponding increase in 
feed intake, for ex~le when pigs grow, then water intake would increase 
but not to the same extent as if live weight had increased alone. 
live weight = 55 kg (10 % increase) 
feed intake= 1.77 kg (10% increase) 
water intake = volumetric lirrdt - feed intake 
= (0.12 X 55) - 1.77 
= 4.83 litres 
herd intake = 4.83 X 582 = 2811 litres/day (10%) 
(3) Mineral content of diet: 
(a) Sodium: 
There has been very little work undertaken on the effects of different 
levels of dietary salt on the water intake of pigs. Hagsten et a1.,(1976) 
showed that increasing the salt inclusion of a diet for growing pigs ( 17 
to 35 kg) fran 0. 06 % to 0. 2 % (an increase of 233 %) , caused an increase 
in water intake fran 4.2 to 5.1 litres/pig/day, (an increase of 21 %). 
Additions above 0.2 % inclusion only resulted in snall increases. This 
na.y have been due to a decrease in feed intake at 0. 27 % resulting in the 
salt intake rerraining the same. The range of salt inclusion studied by 
Hagsten et al., is lower than norna.lly found in commercial formulations 
(0.3 to 0.6 %), and therefore the effects of increasing salt inclusion 
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carmot be applied to the m:xiel. 
(b) Potassium: 
Gill (1989), fotmd that an increase in the potassium content of a grower 
diet fran 8 to 17 g/kg (an increase of 112. 5 %) , resulted in an increase 
in water use from 4.07 to 5.04 litres/pig/day (an increase of 24 %). 
Therefore an increase in dietary potassium of 1 g/kg results in an 
increase in water intake of 2.67 %. 
potassium content of diet increased from 8 to 12 g/kg. 
this will increase water intake 4 X 2.67 = 10.7 %. 
increase in water intake = 2555 X 0.107 = 273 litres per day 
herd intake = 2555 + 273 = 2828 litres per day 
(4) Environmental temperature. 
Gill, (1989) suggests that variations in ambient temperature are unlikely 
to have any significant effects on water demand of pigs. Experiment 7 
studied the effects of one or two drinkers at two delivery rates in a 
range of temperature varying from 15.1 to 19.7·c. Table 11.4 shows the 
regression of water use against live weight and ambient t~rature for 
the for treatments. The equation for two drinkers operating at 300 an3 /min 
is: Y = -1.88 + 0.044 Xl - 0.123 X2 -0.00053 xi P = 0.006 Ft = 90.2 
Y = water use (litres/pig/day) 
Xl = t~rature (·c) 
X2 = live weight (kg) 
Using the above equation, for a pig of 50 kg live weight a 1·c increase 
in t~rature results in an increase in water intake of 0. 044 
litres/day. This inforrration can now be applied to the m:xiel 
assume normal t~rature of 15"C increases to 2o·c 
water intake of each pig will increase by 5 X 0.044 = 0.22 litres/pig/day 
increase to herd intake = 582 X 0.22 = 128 litres/day 
herd intake = 2683 litres/day 
Gill, (1989) and Brooks et al., (1990) in their m:xiels describing the 
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obligatory losses and gains of a 60 kg pig assume that the factors 
creating a demand_ for water (the losses) are additive. In a sirrdlar way 
the factors of physiological origin described above are also additive. 
After the normal water intake has been calculated fran feed intake and 
volumetric lirrdt then any extra derrand for water nrust be added on to the 
calculated normal water intake. 
For example: 
normal herd intake = 2555 litres/day 
increase in water intake caused by an increase in potassium inclusion 
from 8 to 12 g/kg = 273 litres/day 
increase in water intake caused by a 5 ·c increase in environmental 
temperature = 128 litres/day 
total herd requirement = 2555 
+ 273 
+ 128 
2956 litres per day 
Any factor or ccrnbination of factors which create an additional 
requirerrent above that which the volumetric lirrdt allows for will result 
in a decreased feed intake dependent on the magnitude of the additional 
water requirement. 
5.4.2 The affects of factors influencing water wastage an total water 
use of the grower herd 
The two main factors influencing water wastage identified by this 
research programme are water delivery rate and drinker type. Experiment 
6 investigated the effects of two delivery rates and two designs of 
drinker on the water use of growing pigs. In Table 20.7 interpolated 
values from regression equations produced from Experiment 6 are carpared 
348 
Table 20.8 The effects of drinker type and water delivery rate on water 
wastage 
Drinker Type Defivery rate Estimated wastage 
an/min % 
Mono-flo 300 13.75 
Arato 80 300 7.40 
Mono-flo 900 37.6 
Arato 80 900 18.6 
Arato Canbined 300 + 900 13.2 
Mono-flo Canbined 300 + 900 27.6 
Canbined Mono-flo 
+ Arato 300 10.4 
Canbined Mono-flo 
+ Arato 900 29.4 
(Information calculated from Table 20.7) 
349 
with predicted water intake values (fran limited volumetric intake) in 
order to assess water wastage. Table 20.8 shows the estimated wastage 
fran the two drinker types and two delivery rates. 
The data in Table 20.8 shows that the l.owest proportion of waste occurs 
when water is supplied fran the Arato 80 drinker operating at 300 aJ /min. 
This data can now be included into the IOOdel : 
Normal water intake of ~rd = 2555 litres/day 
Using Arato 80 at 300 arr /min wastage = 2555 X . 07 4 = 188 1 i tres/ day 
Total water use = water intake + wastage = 2555 + 188 = 2743 litres/day 
According to Table 20.8 the greatest proportion of waste occurs when 
water is supplied via Mono-flo drinkers operating at 900 art/min. 
Normal water intake of ~rd = 2555 litres/day 
Using Mono-float 900 cm/min wastage= 2555 X 0.376 = 961 litres/day 
Total water use = water intake + wastage = 2555 + 961 .= 3516 litres/day 
When the values fran the two drinker types are canbined at each delivery 
rate it can be seen that a 3 fold increase in delivery rate increases · 
water wastage by 2.83 times (10.4 to 29.4 %). Therefore for every 300 
aJ /min increase in delivery rate, wastage increases by approxirrately 10 
\. This suggests that between the delivery rates of 300 and 900 cm3/min 
wastage is approximately linear. 
When results fran the two delivery rates are canbined for each drinker 
type it can be seen that a change in drinker type fran Arato to Mono-flo 
results in wastage increasing by a factor of 2.09 ( 13.2 to 27.6 %). 
The data in Table 20. 8 would suggest that the effects of the interaction 
between delivery rate and drinker type on total water use is not 
additive. 
Increasing delivery rate fran 300 to 900 aJ /min causes a 2. 83 fold 
increase in wastage and changing drinkers results in a 2. 09 fold increase 
in wastage. Cali>aring the Arato 80 at 300 cm3/min and the Mono-flo at 900 
cm3/min wastage increases fran 7.4 to 37.6 \, an increase of 5.08 fold. 
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Figure 20.2 A m:xlel describing the water use of growing pigs . 
BODY WEIGHT FEED INTAKE 
VOLUMETRIC INTAKE 
12% OF BODY WEIGHT 
DIET 
SPECIFICATION 
\ 
FACTORS INcm:ASING ------+ 
WATER INTAKE 
/ 
TEMPERA'ruRE 
WATER INTAKE 
DELIVERY RATE 
~ 
FACI'ORS AFFECTING-------41 
WA7AGE 
DRINKER TYPE 
WATER USE 
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Calculating the interactive affect of delivery rate and drinker type, 
2.83 X 2.09 = 5.91, suggests that the two factors are multiplicative. 
It is concluded that the factors altering water requirerrent are additive 
where as those influencing water wastage are multiplicative. The effect 
of the canbination of factors fran each category is multiplicative when 
total water use of a unit is estirrated. Figure 20 . 2 sumrarises the model 
for estimating water use of growing/finishing pig herds. 
5. 5 Drinking t:Ure 
5. 5 .1 The apparent tilre spent drinking. 
In experiments where water use and delivery rate are known, it is 
possible to calculate the apparent tirre spent drinking. It is terrred 
apparent because it relates to the total tirre the drinker valve would 
have been fully open. It nakes no allowances for either the drinker 
only being partially open or the occasions where the drinker has been 
accidental! y operated without drinking. The apparent tirres spent drinking 
for growing pigs, gestating sows and weaned piglets has been calculated 
for Experirrents 6,7,8,9 and 10 and summarised in Table 20.9. 
For all of the experiments there is a significant difference in the 
aroount of tirre the pigs spend drinking according to water delivery 
rate. The lower the delivery rate the greater the aroount of tirre the pigs 
must spend drinking. For Experiments 6,7 and 8 concerning growing pigs, 
there were no significant differences in pig perfo~ce. Therefore it 
is cancl uded that growing pigs are prepared to spend roore tirre drinking 
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Table 20.9 A summary of the time spent drinking at different water 
deliv~ry rates for growing pigs, gestating saws and early 
weaned piglets 
Growing pigs 
Experiment 6: 
Drinker type 
Delivery rate (an3/mi.n) 
Arato 
300 
Tirre spent drinking (s/day) 451 a 
Experirrent7: 
Drinker Number 1 
Delivery rate (an3/min) 300 
Time spent drinking (s/day) 400a 
Experiment 8: 
Delivery rate (ad /mi.n) 200 
Tirre spent drinking (s/day) 927a 
Early weaned piglets 
Experirrent 9: 
Delivery rate ( an3 /min) 175 
Tirre spent drinking (s/day) 268a 
Gestating sows 
Experirrent 10: 
Delivery rate (an3/min) 565 
Time spent drinking (s/day) 1048a 
Mono-flo Arato 
300 900 
2 
300 
340b 
400 
512b 
350 
17Gb 
925 
664b 
1 
900 
700 
338bc 
450 
175b 
1325 
487c 
Mono-flo 
900 p 
2 
900 
266c 
1100 
256c 
700 
139b 
2650 
228d 
0.001 
p 
0.01 
p 
0.01 
p 
0.001 
p 
0.001 
A,b,c,d rreans bearing the same superscript are not significantly 
different. 
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to achieve their required intake when the attainment of water is nade 
more difficult b~ decreasing the water delivery rate. Also it appears 
that gestating sows are prepared to spend more time drinking to achieve 
their required intake, however in Experiment 10 no parameters of 
perfornance were investigated and the possibility of an effect on 
reproductive perfornance can not be ignored. Having established that 
point, the water use of the gestating sows between the delivery rates of 
565-2650 cm3/rrdn, only varied between 9.86 and 12.28 litres/sow per day. 
In a prelirrdnary experiment to Experiment 10, it was observed that a 
delivery rate of 300 cm3/min resulted in a significant increase in 
aggression at the drinkers such that this treatment had to be halted. 
In contrast to the situation described with growing pigs, Experiment 9 
showed that piglet perfornance decreased significantly as the 
attainment of water was nade more difficult by decreasing the water 
delivery rate. It appeared that the piglets were not prepared to increase 
their time spent drinking enough in order to achieve their required 
intake, (an intake giving naximum growth). The piglets did adapt to a 
certain extent to the lower delivery rates, however this adaptation was 
not great enough to prevent a decrease in perfornance. A sirrd 1 ar result 
has been reported by Nienaber et al. , ( 1984). They reported that the young 
pig is adaptable to restrictions in its water supply but there are lirrdts 
to those adaptations. 
Under the conditions studied in Experiments 6,7,8 and 9, the growing 
pig appears to be more adaptable than the weaned piglet. There is a 
difference between growing pigs and weaned piglets in their preparedness 
to spend more time drinking in order to achieve their respective•water 
intakes under less favourable conditions. It is tmknown why this 
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difference occurs and at what age/weight the pigs becare more adaptable. 
It nay be that the hareostatic mechanism controlling water balance in the 
ycnmger piglet is not fully developed and only sufficient water is 
imbibed initially to naintain survival. It is possible that this ability 
to adapt to lower delivery rates is affected by the behaviour of the 
piglets. The reinforcesrent achieved by drinking nay be less than that 
frcm other behaviours such as eating, sleeping or being part of a social 
group (litter). 
5.5.2 Social facilitation and its effects on water denand 
Hsia and Hoodgush, (1984), dem:mstrated that the pig is a highly social 
aninal and social facilitation plays a large part in the feeding 
behaviour of growing pigs. In a study of social facilitation and drinking 
behaviour in ducks Clayton (1976), defined social facilitation as an 
increase in the frequency or intensity of response when in the presence 
of others engaged in the same behaviour. Social facilitation has been 
reported in the suckling piglet, (Petherick, J .C. ,1983, Pond et al. ,1978} 
who have described the suckling behaviour of piglets as synchronous. It 
has also been reported in the feeding behaviour of early weaned pigs, 
(Csermely et al.,1981). 
It could be that social facilitation occurs in the drinking and resting 
behaviour of early weaned pigs. That is, that the piglets are motivated 
to drink when their pen nates are engaged in drinking activity. 
Synchronous resting and suckling behaviour was reported by Barber (1986), 
in a study of suckling piglet behaviour. This behaviour nay be i.ni>ortant 
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to the extent that drinking behaviour may only be undertaken by early 
weaned piglets in periods designated by the piglet group as drinking 
periods. Such a phenarenon affecting drinking behaviour would be roore 
accurately described as negative social facilitation. That is although 
there may be a hcmeostatic requirement for an individual piglet to drink, 
this may not be satisfied because the piglet group do not share that same 
m::mmtary requirement. In an experiment investigating the drinking 
behaviour of early weaned pigs given a sweetener in the water, 
(Appendix 1), it was observed that individual piglets rarely drank 
outside the recognised drinking periods. It is likely that where litters 
are not mixed at weaning, the effects of social facilitation are 
stronger. 
If the above theory is correct, then the piglets leading the weaned 
group, the dominant ones, would not suffer as a result of the effects 
of social facilitation. Hsia et al.,(1984) showed that darrdnant pigs 
benefited roore fran social facilitation in the feeding behaviour of 
growing pigs than the less darrdnant ones. If this also applied to 
drinking behaviour, the submissive piglets who were unable to achieve 
their required water intake during the drinking periods would show a 
reduced performance. The reason for being unable to achieve their water 
requirement would be due to carpetition at the drinkers within the 
drinking periods on the asstllt'Ption that there is a time-window in which 
the group nrust drink and out of which there is little drinking activity. 
A reduction of delivery rates would increase the drinking time required 
for the darrdnant pigs to achieve their requirement. This in turn would 
decrease the time available to the submissive piglets to achieve their 
requirement and exacerbate the problem of competition at the drinkers. 
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In conclusion, there is sane evidence to suggest that the reduced ability 
of early weaned piglets to adapt to reduced water delivery rates is due 
to the effects of social facilitation. If delivery rates are reduced in 
order to reduce wastage, the detrimental effects on those pigs failing 
to achieve their required water intakes could be arreliorated by 
increasing the number of drinkers in the pen. This would provide the 
subndssive piglets with the opportunity to drink within the prescribed 
drinking periods. In order to replicate the feeding pattern of the pre-
weaning period, one drinker would need to be made available to each 
piglet in the early stages of weaning. This would si!TUllate the udder and 
allow synchronous drinking. However unless such a luxury provision is to 
be available throughout the pig's life, it will still be necessary for 
the pig to cease operating as a rrenber of a group and function as an 
independent individual at sane stage. The inportant question that needs 
to be resolved is whether the transition fran functioning as the rrenber 
of a group, to functioning as an individual is an is an instinctive, time 
dependent change, or whether it is a learnt behaviour derived fran 
experience. Resolution of this question would enable recannendation to 
be made regarding the age/time post weaning at which the ratio of 
drinkers to pigs could safely be reduced. 
5.5.3 Water supply and total pen tine available for drinking. 
Experiments 6,7 and 8 were conducted using groups of eight pigs in 
pens supplied with only one drinker. Cclnrercially, pigs are kept in 
larger groups of 15-25 pigs. The Codes of Recommendations of Welfare: 
Pigs (1990} suggest a minirm.ml of one drinker per 10 pigs and a minirm.ml 
of two drinkers per pen in the event that one of them should nalfunction. 
For a given water delivery rate and a fixed number of drinkers there is 
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a naxirnum anmmt of water that can be dispensed within a twenty four hour 
period. Obviously it is hoped that this naxim.un arrount of water is 
greater than the total pen water requirerrent. 
For exaii'q)le, the data fran Experiment 6 produced the following regression 
equation for the Mono-flo drinker operating at 300 am3/~n:-
Water use (litres/pig/day) = 1.55 + 0.0675 live weight (kg) 
For a 90 kg pig this gives a water use of 7. 625 1 i tres/ day. At 300 aJ /~n 
it would take the pig 25.4 ~nutes to consume. It would appear that 
within a pen of eight pigs supplied by one drinker the supply would be 
sufficient. The drinker would have to be operating for 8 X 25.4 ~nutes. 
Similarly in the ccmrercial environment two drinkers could supply sixteen 
pigs operating for the same length of time. 
The supply systems as described above can only be considered adequate 
if the pigs can achieve their required intakes at the times when they 
express a desire to drink. Experiment 12A showed that ration fed growing 
pigs fed twice per day consume 60 % of their water requirerrents in the 
two, two hour periods following the feeds. Continuing the above example: 
16 pigs require to drink 60 % of their requirement in 4 hours 
(7.625 X 0.6) X 16 = 73.2 litres 
Fran one drinker operating at 300 aJ /min this would take: 
73.2 = 244 ~nutes = four hours and four minutes. 
2 
Therefore in theory one drinker operating act 300 aJ;min could supply 
enough water for a group of 16 ninety kg pigs. However, in practice this 
would not be possible as the calculation has not accounted for the time 
taken for different pigs to approach and withdraw fran the drinker. 
The water supply to a building can only be regarded as adequate if it can 
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supply the pigs' water needs within the peak demmd pericx:ls. Hsia et 
a1.,(1984) show~ the effects of social facilitation on the feeding 
behaviour of growing pigs. It was suggested in the last section that this 
may be responsible for weaned piglets not achieving optimum water intake. 
Although it has not been investigated nor detected in this study, there 
may be an effect of social facilitation on the drinking behaviour of 
other classes of pigs besides early weaned piglets. Therefore the supply 
of water to pig housing during the peak demand periods is important. 
5.6 The effects of peak denand periods an the supply of water to pig 
housing. 
Experirrents 12 and 12A showed that both ration fed lactating sows and 
ration fed growing pigs express certain peak demand periods in their 
use of drinking water. Experirrent 12 showed that 50% of the water use of 
lactating sows occurs in six hours of the day, immediately after meal 
tirres. Similarly Experirrent 12 A showed that growing pigs use 67% of 
their total water use in six hours of the day, again immediately after 
meal times. Both experirrents indicated that only a srrall proportion of 
water was used during the night period. 
These peak demmd pericx:ls have serious implications for the design of 
drinking water supplies to pig housing and on the rural supply network 
to areas containing large .m.unbers of pigs. Pigs fed ad Libi turn do not 
express peak demands in their water requirement to the sarre extent as 
ration-fed pigs, however peaks in demand have been identified, (Gill, 
1990). 
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Water is canronly supplied to pig housing through pipes of relatively 
snB.ll internal diameter. These snB.ll bore pipes are expected to supply 
water to buildings of considerable length containing large numbers of 
individual pens. Often the diameter of the pipes is restricted further 
by the build up of foreign rratter within the pipes. Water pressures are 
restricted in the United Kingdan owing to the Water Authorities' 
insistence that : 
1. fa~ supply systems are a Class I risk of contandnation to their 
rrain lines by the potential through back-siphonage and so 
2. every fa~ building with a supply shall be provided with a 'header 
(break) tank' to prevent back-siphonage. ~he provision of such an air 
break effectively restricts the pressure head available to the height of 
the header tank. 
It is suspected that sane of the existing drinking water supply systems 
to pig houses rray be unable to supply enough water at the required 
delivery rates during the periods of peak demand. 
In order to investigate the effects of the peak demands in water use 
on existing supply systems it is necessary to consider the mechanics of 
how water flows through closed pipes. 
5. 7 The flow of water through closed pipes 
5.7.1 Water flow 
When water is flowing along a passage such as a pipe, it will be subject 
to a resistance due to friction. If the velocity of flow is very snB.ll, 
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the fluid will flow in layers parallel to the sides of the pipe. This 
type of flow is called laminar flow. If the velocity is large, cross 
currents called eddies are generated causing greater resistance to the 
flow. This type of flow is called turbulent flow. 
In laminar flow the frictional resistance (loss of energy) is due to 
viscous drag between the different layers of water within the pipe 
because they are moving at different speeds. In contrast, most of the 
energy lost in turbulent flow is due to the generated eddies. In laminar 
flow, the layer of water in contact with the pipe is at rest. The other 
layers move with increasing velocities as the distance fran the bm.mdary 
layer of the pipe increases. Therefore there is a velocity gradient 
across the section of flow, the highest velocity being at the centre of 
the pipe. In turbulent flow, the creation of eddies means that the 
velocity of flow is more uniform over the cross section of the pipe. 
It can be fot.md by experiment, that the change fran laminar to turbulent 
flow depends on the Reynolds number and occurs at a critical velocity. 
In rot.md pipes when the Reynolds number (Re) is less than 2000, the flow 
is laminar and when it is greater than 2500 it is turbulent. Between 
Re=2000 and Re=2500, the nature of the flow is t.mStable. The critical 
velocity depends on the viscosity of the liquid, its density and on the 
diameter of the pipe. 
Re = Vd 
V 
Where V = mean velocity (ms-1) 
d = diameter (m) 
v = kinenatic viscosity (nfs'1) 
Re = Reynolds number, a dimensionless constant 
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The kinematic viscosity = viscosity 
density 
The kinematic v:i.~cosi ty of water = 1.14 Xl0-6 
With liquids of low viscosity such as water, the critical velocity is 
relatively low and therefore, for most of the instances considered in 
this project, the flow is turbulent. 
5. 7. 2 Frictional resistance in pipes 
{i) Head loss due to friction 
The head loss due to friction in a pipe is given by Darcy's formula: 
ht = 4flv2 
2gd 
Where ~ = the head loss due to friction (m) 
1 = the length of pipe (m) 
h (ms-1) V = t e average velocity of water in the pipe 
d = the diameter of the pipe (m) 
g = the acceleration due to gravity (ms-2) 
f = the dimensionless friction coefficient. 
Fran Darcy' s formula it can be seen that the total frictional resistance 
to fluid flow (head loss) is directly proportional to the friction 
coefficient, the length of the pipe and the square of the mean velocity. 
and is inversely proportional to the diameter. Therefore the smaller the 
diameter the greater the head loss. Mean velocity can be calculated by 
dividing the volume flow rate by the area of the pipe. 
Thus y = Q 
A 
where Q = vol1.11re flow rate _)Js-1) 
V = mean velocity (ms ) 
A = cross sectional area of the pipe (rJ) 
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As the area of the pipe = r?-, the mean velocity is directly proportional 
to the volume fl~ rate and inversely proportional to the square of the 
radius. Hence the snaller the pipe diameter, the smaller the radius and 
the greater the rrean velocity. Head loss is directly proportional to the 
mean velocity, however rrean velocity is directly proportional to the 
diameter. 
Therefore the diameter of pipes involved in water supply have a 
significant effect on total head loss as Darcy's forrrrula shows that head 
loss is inversely proportional to the diameter and.directly proportional 
to the rrean velocity, which is also inversely proportional to the 
diameter. 
The Darcy forrrrula rray be used for both laminar and turbulent flow. It is 
important to note that the total head loss due to friction is inversely 
proportional to the water pressure. 
(ii) The friction coefficient 
The friction coefficient increases with the roughness of the interior 
surface of the pipe. For example, a galvanised iron pipe will have a 
lower friction coefficient than a smooth plastic pipe. As head loss is 
directly proportional to the friction coefficient, the rougher the 
surface of the pipe, the greater the friction and the greater the head 
loss. As the pipe ages and corrodes, the friction coefficient increases. 
The friction coefficient is related to the Reynolds number and the 
relative roughness of the pipe. For turbulent flow f = 0.079 
(Re)0.25 
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Table 20.10 Values of absolute roughness for pipes and ducts. 
Material 
Non- ferrous drawn piping 
Plastic piping 
Asbestos cement piping 
Black steel pipng (new) 
Black steel piping (rusted) 
(CIBSE, 1986) 
k/rrm 
0.0015 
0.003 
0.013 
0.046 
2.5 
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Figure 20 .3 The relationship between relative rouglmess, friction factor 
and Reynolds nuri:>er 
(CIBSE, 1986) 
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Pipe roughness can be described in terms of k/D, the relative roughness, 
where k = the effective mean height in mm of the excrescences on the 
inside of a pipe of internal diarreter D, (Waterhouse, 1982) . Table 20 .10 
shows values of k for pipes made fran different materials and of 
different ages. 
As f, the friction factor, is a function of the Reynolds number and of 
the relative roughness, it may be represented diagrammatically. This was 
first done by Lewis Moody (1880-1953) and is the best means available for 
predicting values of f. Moody's diagram is shown Figure 20.3. 
When planning water supplies for pig housing, it is necessary to 
determine the head loss due to friction. Voll.Ulle flow rate and pipe 
diarreter will be known, fran which rrean velocity can be calculated. 
Fran this data the Reynolds m.unber may be calculated and a value for f 
can be taken fran Moody's table (Figure 20. 3) . Massey, ( 1983) states that 
Darcy's forrrrula together with Moody's chart provide the best data at 
present on pipe friction in turbulent flow. 
Exarrple 
Below is an example of how to calculate the head loss due to friction 
when planning a water supply for a pig house. 
Determine the head loss due to friction in a 10 m long copper pipe of 
internal diarreter 13.6 mm carry water flowing at 10 litres per minute. 
[1] calculate the mean velocity: 
V= Q 
A 
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Q = 10 litres/min 
= 0.01 rJ /min 
= 167 Xl0-4 rJ s·l 
V = 1. 67 Xl0-4 
1.45 Xl0-4 
= 1.15 rrs·l 
[2] calculate Reynold's nunber: 
Re = Vd 
V 
= 1.15 X 0.~136 
1.14 X 10 
Re = 1.4 X 10·4 
Area = r? 
= {0.0068)2 
= 1.45 Xl0-4 rJ 
[3] calculate the relative roughness k/D for plastic piping using 
Table 20.9 : 
k/D = 0.003 
13.6 
= 2 . 22 X 10-4 
[4] Look up on Moody's Table to fi~d a value for the fr~ftional factor 
f at a Reynolds nunber of 1.4 X 10 and k/D of 2.2 X 10 : 
f = 0.007 
[5] Use Darcy's equation to calculate head loss: 
hf = 4flv2 
2gd 
hf = 4 X 0.007 X 10 X 1.15 X 1.15 
2 X 9.84 X 0.0136 
= 0.370 
0.267 
hf = 1.385 m 
The head loss in the pipe is therefore 1. 39 m 
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5. 7. 3 Head loss in pig mri t supplies 
The example described above is not unlike that which would occur in a 
water supply system for pigs. In fact the relative roughness is likely 
to be greater in older pig water supply systems, as the degree of 
corrosion is higher. Also the accumulation of foreign material in the 
pipe will gradually reduce the effective pipe internal diameter and 
therefore make the head loss greater. 
It can be appreciated now that a considerable aroount of head is lost in 
a 10 m length of pipe. Available head in most pig units is limited by the 
height of the water in the header tank, which in turn depends on the 
height of the building. It is rare to find the available height in a pig 
building to be greater than 3 m. Therefore a head loss of 1. 39 m is a 
high proportion of the available head (almost half). A 20 m length of 
pipe operating under the same conditions would result in a head loss of 
2.78 m which is virtually all the available head. 
The head loss due to friction in pipes has been considered 
mathematically, indicating the extent of the problem of supplying 
sufficient water at the necessary delivery rates to housed pigs. It is 
clear that many existing water delivery systems are unable to supply the 
correct amounts of water during periods of peak demand. 
Having iq>lied that many modern day pig unit water supplies are poorly 
designed for the purpose for which they are intended, it is interesting 
to note that fran very early times man has been aware of friction in 
pipes (Merriman 1916). Pliny states that in the early clay pipes, a slope 
of at least 1/4 inch in a hundred feet was necessary to ensure the free 
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flow of water (Merriman 1916). 
5. 7.4 other resistances to water flow in pipes 
When water is made to flow through a system of pipes, in addition to 
head loss due to friction, energy is lost due to certain other 
factors. These include sudden' enlargements or contractions of the 
pipe, sudden changes of direction, as at bends, and by constrictions 
such as valves and water drinkers, which interfere with the free flow 
of water (Lea 1924}. In order to dete~ne the total loss of head in a 
delivery system, all the losses identified above are added together 
(Lewitt, 1970). 
The total head of a liquid at any instant is the sum of its datum head, 
its velocity head and its pressure. 
Total head = z + ~+ i 
pg 2g 
where z = datum head (m) 
p 
pg = pressure head of water (m) 
y_2 
2g = velocity head (m) 
Bernoulli's theorem states that in any system, provided no frictional 
head 1 osses are enco~.mtered, the total head rerrains constant. 
z + ~ + y_2 = constant 
pg 2g 
In the normal situation where frictional head losses do occur, 
Total head H (m) = z+~+Y-hf 
pg 2g 
Losses of head due to bends and constrictions are expressed as a 
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fraction of the velocity head. 
h=ki 
2g 
where k is a constant dependent on the nature of the bend or 
constriction. For example the value of k for a right angle bend is 
0.9. Therefore the pressure loss due to the bend is equal to: 
h=0.9y_2 
2g 
Different values of k are given in Table 20.11. 
Bemoulli 's equation can be applied to any water supply system. For 
example, if the head of water. in the header tank is known, the frictional 
losses can be calculated and therefore the head of water available to the 
pigs at the drinker can be calculated. Similarly the height of water 
required in a header tank could be calculated for a required pressure at 
the drinker. 
5.75 Rationalising the supply to housed pigs 
Water is crnmonly supplied to pigs through srrall diameter pipes which 
service long rows of up to twenty pens. If the drinkers in all of the 
pens are operating simultaneously (for example in a post prandial 
period), then available head in the pens furthest fran the supply source 
would be considerably less than those pens closet to the source. This rray 
result in sane pigs wasting large amounts of water (pens closest to the 
source) and sane being deprived resulting in a reduction in pig 
perforrrance., (pens furthest fran source). In this case, the total water 
supplied to the row of pens rray be in agreement with predictions rrade 
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Table 20.11 Values of k for fricticm losses at e l bows , bends, tees and 
juncticms, (CIBSE, 1986) . 
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(Based on velocity pressure of combined flow. Factors refer to 
the branch Indicated by the subscript, e .g. r, is for flow to or from branc h 2J 
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(Based on velocity pressure in smaller pipe.) (Based on velocity pressure in smaller p ipe.) 
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fran the rrodel of water use described in Section 5.4. However, closer 
examination of individual pen supply would show that the water delivery 
rate decreases as the distance away fran the source increases. 
This problem can be reduced in the following ways: 
(1) Darcy's Law shows that headloss is inversely proportional to pipe 
diameter and directly proportional to the square of velocity, and 
therefore headloss could be reduced by increasing the diameter of supply 
pipe. The greatest proportion of headloss occurs in the supply of water 
to the first pens in the line, where the velocity is greatest. Towards 
the end of the line, the velocity reduces (as less pens have to be 
supplied) and the headloss is significantly less. Therefore the diameter 
of the supply pipe could gradually be reduced along the row of pens as 
the velocity drops. 
(2) Darcy's Law shows that headloss is directly proportional to the 
length of the supply pipe. If water was supplied to a row of pig pens, 
either fran both ends of frcm the middle, then the drop in available head 
would be halved. 
( 3) The extent of the peak demand periods could be reduced by feeding 
different pens of pigs at different times. The effects of this practice 
on pig behaviour would require careful investigation. 
The delivery rate in many pig drinkers can be altered by varying the 
resistance to flow provided by the drinker itself. This is done by 
increasing or decreasing the size an aperture within the drinker. A 
problem occurs when governing delivery rates in drinkers in a row of 
pens: should the delivery rates of individual drinkers be set when no 
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other drinker is operating or should they be set when all of them are 
operating ? If the former practice is errployed, during periods of peak 
derrand, water delivery rate in the first few pens closest to the source-
would just be about adequate, but towards the end of the line delivery 
rates towards the end of the line would diminish to almost nothing. 
During periods of reduced demand, delivery rate would remain at the 
prescribed rate. If the latter practice is errployed, then during periods 
of peak demand, water delivery rates to all pens would be as prescribed. 
To achieve this, the apertures in the drinkers would gradually increase 
in size as the distance fran the source increased. During periods of 
reduced derrand the delivery rates in all pens, particularly those at the 
end of the line would be higher than prescribed leading to increased 
wastage. This problem could be alleviated to a certain extent in two 
ways: 
( 1) The drinkers could be fitted with an aperture which alters diameter 
according to water pressure. When water pressure is high the aperture 
would close, decreasing the delivery rate. If thee water pressure 
dropped, then the aperture would open maintaining a constant delivery 
rate. 
(2) The use of a new type of pipe line developed by carpenter and Brooks 
called z~o pipe (Barber Brooks and carpenter, 1989). This equiwent 
includes a high storage, large diameter (90 nm), main supply pipe 
connected to snall diameter laterals which service individual pens. 
Pressure level and the incaning supply 'break' is catered for by a 
'microtank' assembly which can be fitted at a 11U.1Ch higher support point, 
in any building than a conventional 'header' supply tank. Headless in the 
main supply is considerably reduced owing to the large diameter of the 
pipe. Pressure head drops during peak demand periods would result in a 
similar drop in delivery rate to all drinkers supplied by the system. The 
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diarreter of the drinker apertures would be similar and set to allow 
naninal delivery rates at low denand periods. The large nain storage pipe 
would result in smaller variations in pressure head than conventional 
systems and therefore smaller variations in delivery rates. Any reduction 
in delivery rate would occur equally along the row of pens supplied. 
The rraintenance of constant delivery rates is of great inportance in the 
supply of water to pigs as reduced delivery rates rray result in reduced 
water intake and depressed perforrrance, and excessively high delivery 
rates increase water wastage and its consequent cost of storage as 
effluent. 
The water use of a growing/finishing unit can be predicted frcrn the m:xiel 
described in Section 5. 4. The peak water demand periods have been 
identified in Section 5. 5. 3, which showed that 60 % of the water required 
is used in 4 hours of the day. With the addition of the inforrration given 
in Section 5.7, water supply systems for pig housing can be designed. 
however, supply system design is beyond the scope of this study. 
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· Conclusion 
The literature review concluded with a statement fran The Codes Of 
Welfare of Livestock: Pigs (1983), 'It is ill'i>ortant for pigs to have 
sufficient fresh clean water for their daily needs'. This research 
prograiTJTe has shown why it is ill'i>ortant to have sufficient water and has 
identified same of the factors altering the daily needs of pigs. 
It is ill'i>ortant to differentiate between water needs {requirement), water 
intake and water use. Water requirement is the physiological requirement 
to naintain hameostasis and body fluid osm:>regularity, whereas water 
intake nay include an additional fraction to satisfy gut satiety, which 
is a physical need as distinct fram a physiological requirement. 
Water requirement is dependent upon the balance between the various 
losses and gains which in turn depend on factors such as environmental 
temperature and diet specification. Water intake is closely related to 
feed intake, not as a positive correlation, but in relation to total 
volumetric intake which is nainly dependent on liveweight. 
Growing/finishing pigs {25-80 kg) appear to have a total daily volumetric 
intake equal to 12 % of their body liveweight. Given ad libitum access 
to feed a pig naximises its dry natter intake and only drinks sufficient 
to fulfil its requirement to rraintain body fluid osrooregularity. If water 
availability is restricted, dry natter intake is reduced to rraintain 
hameostasis and consequently perforrrance suffers. 
Where feed intake was restricted, volumetric intake was sustained at 
12 % by an increase in water intake beyond that required to rraintain 
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osrroregul ari ty. This additional water consl.D'IPtion is prirrari 1 y to 
satisfy gut fill .but may also provide the pig with a safety rrargin 
allowing it to buffer small increases in demand due to variations in 
diet or tert'Perature. 
When water intake is increased beyond what may be regarded as the 
'normal' requirement, feed intake rray be depressed. Similarly, in the 
case of newly weaned piglets, when water intake was increased by making 
the water more attractive with a sweetener, feed intake was decreased. 
Therefore water intake cannot be anticipated on the basis of a simple 
factorial analysis of losses and gains, but is dependent upon feed intake 
and total daily volumetric intake. Assuming a 12 % volumetric intake in 
growing pigs, under normal hameostatic conditions, the water intake of 
pigs can be accurately predicted frcm a lmowledge of feed intake. 
Water use is dependent on water intake and the factors affecting water 
wastage. The two rrain factors affecting water use are drinker design and 
water delivery rate. For the range of delivery rates studied for growing 
pigs, waste appeared to increase linearly. Growing pigs were able to 
adapt to lower delivery rates and maintain their required intake by 
spending 1 onger amounts of tirre drinking. For these pigs, perforrrance was 
unaffected by lower delivery rates and wastage was reduced. An experirrent 
which investigated the effects of delivery rate for the newly weaned pig 
showed that the young piglet was not prepared to increase the tirre spent 
drinking to achieve optimum water intake. Consequently water intake was 
reduced and performance suffered. 
More attention should be given to supplying water at the correct delivery 
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rate for a particular age of pig. A minillU.IIII delivery rate of 500 aJ /min 
is reccmnended' 'for newly weaned pigs. In the case of the 
growing/finishing pig wastage is reduced at lower delivery rates. 
Ration fed pigs tended to consume roost of their water post-prandially 
causing large, relatively short term demands on the water supply 
networks. Failure to satisfy these short term peak demands may affect 
both the performance and behaviour and ultimately the welfare of the pig. 
Careful consideration of the water intake of pigs, the selection of 
drinkers and the provision of appropriate delivery rates wi 11 allow piped 
water supply systems to be designed and installed in a way which 
maximises production and welfare, and keeps wastage to an acceptable 
level. Sare wastage seems inevitable if production and welfare are to be 
maximised. 
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Appendix I 
TRIAL .REt'tR'l' 
Title: The effect of the addition of Palasweet and Palasweet+ 
on the water use, drinking behaviour and performance 
of early weaned pigs from 3-5 weeks of age. 
To: Dr. J.D. Higginbotham, 
From: 
Tate & Lyle Speciality SWeetners, 
10-12 Deacon Way, 
Reading, 
Berkshire. 
RG3 6AZ. 
Mr. J. Barber, 
Seale-Hayne College, 
Newton Abbot, 
Devon. 
TQ12 6NQ. 
Trial period: 14.4.88 to 21.7.88 
Experimental rrethod: 
Two htmdred and forty Large White x (Large White x Landrace) piglets weaned 
at 21 +/- 2 days were randanly assigned to one of three treatments. The 
treatments were: (1) fresh water,(2) fresh water with Palasweet and (3) 
freshwater with Palasweet+. 
During the course of the experiment there were eight replicate groups of 
control, Palasweet and Palasweet+ piglets. Each replicate group of piglets 
was rrade up of five boars and five gilts. The rrean weaning weight was 5.95 
+/- 0.12kg. The piglets remained on the trial for two weeks when their mean 
weight was 7.47 +/- 0.43 kg. 
The piglets were housed in an Elswick early weaning container. A calibrated 
Hedimix applicator was used to dilute the Palasweet and Palasweet+ at a rate 
of 1%. Palasweet and Palasweet+ were adrrdnistered for 3 days immediately 
after weaning. Ad. lib. drinking water was available from two Arato 76 
piglet drinkers mcnmted 20 an above the wire mesh floor. As the water 
delivery rate has proved to be critical in this type of experiment, the 
water delivery rate at each drinker was set at 450 +/- 20 an3/min and 
checked weekly. 
The anirrals on all three treatments were fed ad. lib. on Bibbys D10P. The 
creep diet prior to weaning was Bibbys Super Natural (D20H) .During the 
suckling period water had been available from Arato 76 piglet drinkers. 
Rem:>te video recordings of three replicates of both the control and 
Palasweet+ groups were rrade on the first and second days after weaning by 
means of a video camera and tirre-lapse recorder. 
Records: 
l.Food 
The feed troughs were filled daily and for the first week tmeaten food was 
weighed back daily in order to calculate daily intake. The tmeaten food was 
weighed back at the end of the second week. Daily additions to the feed 
hoppers were recorded. 
2.Water use 
Water use was metered using previously calibrated Kent PSM-L meters and 
recorded daily at 10.00 hours. 
3. Li veweight records 
Pigs were weighed individually at weaning and fran then on once per week. 
4.Health 
Health records were kept throughout the experiment. There was no incidence 
of scouring. 
S.Terrperature 
A seven day Thenoograph chart recorder was used to rroni tor changes in 
tEili>E!rature during the trial period. The average tEili>E!rature was 26 degrees 
centigrade but varied fran 20 to 28 degrees centigrade. 
· 6. Video recordings 
A detailed analysis was I!Bde of the 24 hour video recordings which will be 
given 1 at er in this report. 
7 . pH of drinking water 
The mean pH of the control drinking water was 7. 6, whereas that of the 
Pal asweet+ drinking water was 3. 23. 
Results 
Table 1. Piglet performance and water use. 
(means are given for the 14 day period) 
Control Palasweet Palasweet+ 
Mean daily water 0.729 0.799 0.841 N.S. 
use (1/pig) 
Mean daily feed 265.4 234.4 265.4 N.S. 
intake (g/pig) 
Mean daily liveweight 259.5 a 196.3 b 221.1 ba 
* * gain (g/pig) 
F.C.R. 1.03 b 1.21 a 1.09 b * * 
Mean weaning weight 5.91 5.83 6.07 N.S. 
(kg) 
(means bearing the same letter are not significantly different) 
Table 1 shows the mean values obtained over the experimental period (14days) 
for the control, Palasweet and Palasweet+ replicates. There were no 
significant differences in mean daily water use, mean daily feed intake nor 
mean weaning weight. The mean daily liveweight gain for the control 
replicates was significantly higher than that for the Palasweet replicates 
but not significantly different from the Palasweet+ replicates. 
As the Palasweet and Palasweet+ treatments were only effectively 
administered for three days, it was decided to break up the results into 
three periods: (1) days 1-3 post weaning, (2} days 4-7 post weaning and days 
8-14 post weaning, in order to allow a closer exarrdnation of the actual 
treatment period.As liveweight was recorded weekly it was only possible to 
break this and further cmputed data into two periods: (1) days 1-7 and (2) 
days 8-14 post weaning. 
1. water use 
Table 2. Total water use broken down into three periods. 
(litres per pig) 
Period 
Days 1-3 
Days 4-7 
Days 8-14 
Control 
1.234 a 
1.986 a 
6.986 
Palasweet Palasweet+ 
1.630 b 1.652 b 
2.250 ba 2.615 b 
7.306 7.507 
S.E.M. 
0.09 * * 
0.12 * * 
0.39 N.S. 
(means bearing the same letter are not significantly different) 
Table 2 stmrarizes total water use for the three periods. For the first 
period (days 1-3) the control replicates used significantly less water 
(p<0.01)than the Palasweet and Palasweet+ replicates which did not differ 
significantly. This is i 11 ustrated in Figure 2. For the second period (days 
4-7) .the controls used significantly less water than the Palasweet+ 
replicates {p<O. 01) but not significantly less than the Palasweet 
replicates. During the third period there were no significant differences 
between the three treatments. 
2 Feed intake 
Table 3. ·Total feed intake broken down into three periods. 
(grams per pig) 
Period 
Days 1-3 
Days 4-7 
Days 8-14 
Control 
414.4 a 
721.9 
2579.8 
Palasweet Palasweet+ 
314.4 b 283.0 b 
728.0 690.5 
2213.8 2434.4 
S.E.M. 
21.38 *** 
34.22 N.S. 
112.1 N.S. 
(means bearing the same letter are not significantly different) 
Table 3 shows total feed intake for the three parts of the two week trial 
period. For the fist period the feed intake of the control groups was 
significantly greater (p<0.001) than the Palasweet and Palasweet+ replicates 
which were not significantly different. For the second and third periods 
there were no significant differences in feed intake between the three 
treatments. 
3 Liveweight gain and F.C.R. 
Table 4. Total liveweght gain and F.C.R. for the first and second weeks post 
weaning 
Total liveweght gain 
(grams per pig) 
Period Control Palasweet Palasweet+ S.E.M. 
Days 1-7 930.3 578.9 816.2 16.2 N.S 
Days 8-14 2650.9 a 2181.9 b 2278.5 b 12.9 ** 
F.C.R. 
Days 1-7 1.14 1.63 1.26 0.09 N.S. 
Days 8-14 0.97 1.03 1.07 0.03 N.S. 
(means bearing the same letter are not significantly different) 
Table 4 surmarises total liveweight gain and F .C.R. for the first and second 
weeks post weaning. During the fist week after weaning there were no 
significant differences between the treatments for total liveweight gain and 
F.C.R. During the second week the liveweight gain for the control groups was 
significantly greater(p<0.01) than that of the Palasweet and Palasweet+ 
groups which were not significantly different. There were no significant 
differences in F.C.R. between the three treatments during the second week. 
Stmnary of significant results 
Water use: 
Days 1-3 control < Palasweet = Palasweet+ 
Days 4-7 control < Palasweet+ 
control = palasweet 
Palasweet = Palasweet+ 
Feed intake: 
Days 1-3 control > Palasweet = Palasweet+ 
Liveweight gain: 
Days 8-14 control > Palasweet = Palasweet+ 
Piglet behaviour: video tape analysis 
Twenty-four hour video recordings were rrade of the first two days post 
weaning of three control replicates and three Palasweet+ replicates. 
Analysis was carried out on four one hour periods within each twenty-four 
hour recording, (every six hours), starting with the first hour of each 
twenty-four. At weaning the piglets were individually narked on the top of 
the head in order to aid identification during video analysis. During the 
preliminary analysis the number of visits to the drinkers rrade by individual 
pigs within the hour periods was recorded. At a later stage of analysis 
precise times spent at the drinkers for individual piglets during the first 
hour post weaning was recorded for one control replicate and one Palasweet+ 
replicate. 
Table 5. Preliminary video analysis: Visits to drinkers by piglets for the 
Control and Palasweet+ replicates. 
(median values per piglet) 
Period Control Palasweet+ 
First hour 4.0 10.0 
* * 
Day one 15.5 17.7 N.S. 
Day two 10.0 11.5 N.S. 
Piglet drinking behaviour (visits to drinkers) is sunmarised in Table 5. The 
values given are median values and represent drinker visits per pig within 
the time specified. Values given for day totals are the median total mmber 
of visits observed per pig in the four one hour periods analysed within the 
twenty-four hour period. In order to test whether visits to drinkers were 
significantly different between the treatments a nonparametric statistical 
method has been used, namely the Mann-whitney U test. A nonparametric method 
has been used due to the nature of the measurements rrade. It can be seen 
fran Table 5 that significantly oore visits were rrade to the drinkers by the 
Palasweet+replicates than the control groups (p<O .01) during the first hour. 
However there were no significant differences observed between the 
treatments for the first and second day totals. 
A Spearrran rank correlation was used to measure the degree of association 
between the n\.Uilber of visits in the first hour and the 1 i veweight gain 
during the first week, and the number of visits observed in the first day 
and the liveweight gain in the first week for both the control and 
Palasweet+replicates. There were no significant correlations found. 
Table 6. The number of visits and time spent drinking during the first hour 
for one control and one Palasweet+ replicate. 
(median values per piglet) 
Control Palasweet+ 
Number of visits 4.0 9.0 * * 
Total time (s) 37.5 45.5 N.S. 
Table 6 summarises the results of one control replicate and one Palasweet+ 
replicate after a closer video analysis of. the first hour. The control 
replicate rcade significantly less visits to the drinkers (p<O.Ol). There was 
no significant difference in total time spent drinking between the two 
treatments.A correlation of time spent drinking against liveweight gain 
during the first week was undertaken for both the control and Palasweet+ 
replicates. There were no significant correlations. 
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